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1. Introduction 
The Barents Sea occupies 1.405 million square km between the coast of North Norway, 
Svalbard, Novaja Semlja and the Murman Coast. There are 114 known species of fish 
inhabiting the Barents Sea, one of which the commercially most important families is the 
cod family (Gadidae) with 12 species. There are especially three species of zooplankton 
preying fish which have been of great commercial value: the Northeast Arctic (NEA) cod 
(Gadus morhua), capelin (Mallotus villosus) and Norwegian spring-spawning (NSS) herring 
(Clupea harengus). 
 
The NEA cod stock is the largest stock of Atlantic cod and plays an important role in the 
Barents Sea ecosystem (Bogstad and Mehl, 1997).The stock spawn on the Norwegian coast, 
and the spawning migrations of the plankton feeders transfer huge quantities of fish biomass 
from distant waters to the Norwegian continental shelf and to the southern parts of the 
Barents Sea. The main food sources of cod from age three and up are small pelagic fishes 
such as herring and capelin. 
 
The NEA cod and the capelin are fished in the Barents Sea, the cod also on the cod’s 
spawning grounds around the Lofoten islands. The herring is mainly fished in the Norwegian 
Sea; only the young (1-2 year old) herring live in the Barents Sea. During the last fifty years 
there has been a significant decline in the total biomass of the NEA cod. The lowest stock 
levels were reached during the late 1980s. Hard regulations were introduced, especially in 
1990 when the total allowable catch (TAC) reached a historical minimum of 160 thousand 
tonnes. 
 
Capelin was the dominating plankton feeder in the Barents Sea in the 1970s and first half of 
the 1980s.The stock formed the basis for the largest fishery in Europe with a record catch in 
1977 of nearly 3 million tonnes, and the total biomass production is estimated to be some 8 
million tonnes (Hamre and Tjelmeland,1982;Gjøsæter,1997). In the years 1983-86 a strong 
herring year class occurred in the southern part of the Barents Sea, and coincided with a 
dramatic fall in the recruitment to the capelin stock, which collapsed in 1986. The lack of 
prey fishes in subsequent years caused mass mortality in the fish-eating stocks of fish. The 
capelin has a short life span and most of the fish spawn only once. During summer the 
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capelin feed in the marginal ice zone but accumulates in front of the south moving ice 
boarder during autumn. In winter the maturing stock migrates towards the coast for 
spawning, and it is during this spawning migration the capelin spawners become available to 
the immature cod (the mature cod is elsewhere for spawning). In the southern part of the 
Barents Sea the distribution of juvenile NSS herring overlaps the distribution of the capelin 
larvae, which affects the survival of capelin fry. These interactions are one of fundamental 
importance to the dynamic of the processes which govern the fish production the region. 
Therefore, the multispecies model should be used in applied research and management. 
 
Also, biological interactions give rise to economic interactions. In addition to traditional 
relations between fishermen jointly harvesting a single stock, new relations are brought to 
the foreground by fishermen harvesting on different interacting stocks. The economic 
research would concentrate on the studies of demand- , harvest- and cost functions entering 
into the objective functions (maximizes the net value of harvesting) for the different species 
involved. It is an important tool for fisheries management by describing the economic 
interdependence between the different fish stocks. 
 
On the basis of previous studies, such as Gjøsæter, H. & Bogstad, B. 1998, Hamre, J. 2003, 
Tjelmeland, S. & Bogstad, B. 1998, I study the harvesting strategy of cod, herring and 
capelin in the Barents Sea in this thesis. The biological data is available on ICES and the 
economic data is available on the yearly reports of the Directorate of Fisheries. 
 
In section 2, the environmental conditions in the Norwegian-Barents Sea and its ecosystem 
of cod, herring and capelin will be introduced. There is a prey-predator relationship between 
these three species, that is, capelin is predated by the juvenile herring and cod, whereas the 
cod may also feed on juvenile herring. In addition, sea temperature has influence on the 
recruitment of fishes. 
 
The three species model, namely, cod-capelin-herring model is described in section 3. In this 
three species model, we do not consider the effect of cod on juvenile herring because the 
effect is very small and has little importance. The results we get in the following sections 
will not be affected without considering this effect. The relationship between these three 
species in the model is that more herring in the sea will result in less capelin, thus less cod in 
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the sea. In addition, the recruitment of herring is also influenced by the sea temperature, 
besides its spawning stock biomass. 
 
The bioeconomic model I built in section 4 is based on the cod-capelin-herring model and 
the present-value-maximizing fishery model. The bioeconomic model is made to find an 
optimal strategy of harvesting these three species in order to maximize their total net present 
value. However, the predicted catch of capelin is predetermined in the cod-capelin-herring 
model and the data of capelin is also limited, so the net present value of capelin could be 
taken as a constant. Thus the problem becomes to find an optimal policy of harvesting cod 
and herring so as to maximize the net present value of cod and herring. 
 
The optimization software Premium Solver, which is an extension of the standard Excel 
Solver developed by Frontline Systems, is used to solve this dynamic optimization problem, 
that is, to maximize the net present value of harvesting cod and herring by changing the 
efforts of these two species in each period and the results are illustrated in section 5. The 
optimal strategies of harvesting cod and herring are both combined pulse fishing with 
sustainable fishing. In section 6, I do the sensitivity analysis by changing the interest rate, 
cost parameter of herring, price of cod respectively and increase 10% biomass of capelin in 
the bioeconomic model to see the changes of optimal harvesting strategy.  
 
After comparing and analyzing the results in various assumptions, the conclusion would be 
got and given in section 7. We found that the net present value of harvesting cod and herring 
is higher under the assumptions of age-specific price of cod, lower cost parameter of herring 
and lower interest rate. A 10% increase in capelin’s biomass does not change the optimal 
harvesting effort of herring much, but will increase the optimal harvesting effort of cod. And 
the net present value of harvesting cod and herring is higher than that in the bioeconomic 
model. In this section, I also compare the net present value of harvesting cod and herring 
under two different harvesting strategies, namely, the constant harvesting efforts strategy and 
the dynamic harvesting strategy of cod and herring. The result shows that the dynamic 
harvesting strategy of cod and herring would be optimal to obtain higher net present value of 
harvesting them. 
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2. Three species in Norwegian—Barents Sea 
ecosystem  
2.1 The environmental conditions 
The physical conditions in the Norwegian Sea--Barents Sea region are governed by the 
inflow of Atlantic water through the Faroe-Shetland Channel (Fig. 1). Two main branches of 
the Atlantic Current create two separate ecosystems, one in the North Sea and one in the 
Norwegian Sea—Barents Sea. In the latter area, the interface between the inflow of warm 
Atlantic water and the cold Arctic water forms the physical basis for two highly productive 
areas, one in the Norwegian Sea along the Polar front, and one in the marginal ice zone of 
the Barents Sea. The rich production in the latter area is partly linked to the movement of the 
ice edge (Gjøsæter et al., 1983). 
 
The strength and properties of the inflowing Atlantic water vary periodically and determine 
the climate of the Barents Sea. Increased inflow of Atlantic water increases the temperature 
in the upper water masses and favours recruitment of the main fish species (Marty and 
Federov, 1963; Sætersdal and Loeng, 1984). Mean temperature and salinity in the Barents 
Sea in the period 1964-1993 are shown in Fig. 2. A period of warm climate at the end of the 
1960s was followed by 8 years of decreasing temperature and salinity during the 1970s, 
indicating low inflow of Atlantic water to the Barents Sea. The strength of inflowing 
Atlantic water shows an abrupt increase in the early 1980s, a decrease in the mid 1980s and a 
new increase in the late 1980s. Since 1990, all years except three have been warmer than 
normal, with 2006 being the warmest on record. 
2.2 The ecosystem 
The fish community is dominated by a few very abundant species, resulting in strong 
interspecific interactions (Hamre 1994, Figs. 3 & 4). Most of the rich plankton production in 
the upwelling areas has been harvested by the adult Norwegian spring-spawning herring 
Clupea harengus in the Norwegian Sea, and the capelin Mallotus villosus in the Barents Sea. 
The capelin is the main plankton feeder in the Barents Sea, but in years with high inflow of 
Atlantic water and strong herring year classes, the juvenile herring plays an important part as 
prey species in the area. 
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Herring and capelin are the main food sources for a large variety of fish stocks, mammals 
and birds. The Northeast Arctic cod Gadus morhua is the largest predator in the system and 
plays a decisive role in the balance of the predator-prey relationships. All the main stocks of 
fish and mammals are harvested by man. 
Figure 1.  The circulation of the Norwegian Sea (Johannes Hamre, 1994). 
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Figure 3.  Mallotus villosus and its predators. The study area, showing the summer, winter and spring spawning 
areas of capelin (grey), the winter area of immature cod Gadus morhua (hatching up to the left) and the areas of 1 to 
2 yr old herring Clupea harengus (hatching up to the right). All areas are approximate and vary from year to year 
(Dag Ø. Hjermann, Nils Chr. Stenseth and Geir Ottersen, 2004c). 
 
Figure 2.  Mean annual temperature (solid line) and salinity (broken line) in the Barents Sea in 
1964-1993 (Midttun and Loeng, 1986; Anon, 1993a). 
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Figure 4.  Main components of the food web, showing the relationship between the focal species of this study: the 
capelin  Mallotus villosus, the Arcto-Norwegian cod Gadus morhua, and the Norwegian spring-spawning herring 
Clupea harengus. Line thickness indicates roughly the importance of the pathways (Dag Ø. Hjermann, Nils Chr. 
Stenseth and Geir Ottersen, 2004c). 
 
 
Prior to the 1970s, the adult herring fed in the Polar front area of the Norwegian Sea during 
summer and autumn, but spawned on the Norwegian west coast in the early spring. In the 
late autumn the herring gathered in a wintering area east of Iceland and started the spawning 
migration towards the Norwegian coast around the New Year (Dragesund et al., 1980). This 
migration transferred huge quantities of fish biomass from distant waters to the Norwegian 
coast and probably had a considerable effect on the marine life on the Norwegian shelf. The 
migrating herring shoals were followed by fish-predators: sea-mammals, birds and larger 
predatory fish and turned the Norwegian west coast into one of the richest fishing and 
hunting grounds in the world. Young herring (0-4 years old) are widespread on the 
Norwegian continental shelf and in the southern parts of the Barents Sea (Dragesund, 1970), 
and year classes are abundant when the inflow of Atlantic water is high. In the latter area the 
young herring distribution overlaps that of juvenile capelin and may affect recruitment to the 
capelin stock. 
 
The adult herring stock collapsed in 1969, and the feeding migration to the Polar front was 
disrupted. The previous migration pattern has not yet been resumed, and the present 
distribution is as shown in Fig. 5. The adult herring as well as the juveniles are now feeding 
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in the Norwegian Sea and in Norwegian coastal waters, and the prespawners are wintering in 
Norwegian fjords. The spawning grounds have not changed to any appreciable extent 
(Hamre, 1990). 
 
 
 
Figure 5.  Distribution of adult herring in the 1980s (Johannes Hamre, 1994). 
 
 
The capelin spends its whole life in the Barents Sea. During summer and autumn the 
catchable stock (2-4 years old) feeds in the marginal ice zone of the northern Barents Sea, 
and the maturing capelin migrates to the coast of Norway and the former USSR for 
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spawning during winter and early spring. The spawning migration of capelin has the same 
positive effect on the Norwegian north coast fisheries as the herring had for the fisheries on 
the west coast. The capelin suffers mass mortality after spawning, and the life span of the 
fish therefore is relatively short, 3-5 years (Prokhorov, 1965). The larval and juvenile stages 
are distributed in the central and south-eastern Barents Sea, where they are subject to 
predation by juvenile herring and cod. 
       
The spawning grounds of Northeast Arctic cod are strategically situated on the central 
Norwegian coast between the spawning grounds of the herring and the capelin. The cod 
feeds in the southern and central part of the Barents Sea and in the Svalbard area, and 
matures at an age of 5 to 8 years. The juveniles have a more north-eastern distribution than 
the adults, but the distribution is mostly limited to the area south and west of the marginal 
ice zone. The adult capelin therefore is mostly available as food for cod during the capelin’s 
spawning migration in winter and spring, whereas the cod may feed on juvenile herring and 
capelin throughout the year (Ponomarenko and Ponomarenko, 1975; Mehl, 1989). 
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3. The Cod—Capelin—Herring Model 
3.1 Terminology in the model 
3.1.1 Kola section 
The Kola section, where sea temperatures are measured, is shown in Fig.6. The sea 
temperature series from the Kola meridian transect (33º30´E, 70º30´N to 72º30´N), is 
considered a good indicator of thermal conditions for the entire Barents Sea region. The 
series goes back to the turn of the previous century and mean values have been calculated by 
averaging, along the transect and vertically from 0 to 200 m water depth (Bochkov, 1982; 
Tereshchenko, 1996). The temperature varies periodically with 8 to 15 years between warm 
periods, and the periods of warm climate coincide with strong year classes of herring and 
cod (Marty and Federov, 1963; Sætersdal and Loeng, 1984). 
3.1.2 The North Atlantic Oscillation (NAO) 
The North Atlantic Oscillation is defined as the difference between sea level pressure at two 
stations representing the centers of actions that occur over Iceland and the Azores. The 
strength of this pressure gradient changes at annual, seasonal, and monthly time scales. A 
steeper gradient (the high or positive NAO phase), indicating an intensified Icelandic low 
and Azores high, is associated with stronger westerly winds, greater advection of moist air 
off the Atlantic and onto mainland Europe, and warmer winter temperatures in Northern 
Europe and Eastern North America. The reverse holds true when this gradient is shallower 
(the low or negative NAO phase). The magnitude and phase of the NAO, is expressed as the 
NAO index, the normalized difference in sea level pressure between these two pressure cells, 
using data from Southwest Iceland and Gibraltar or Ponta Delgada, Azores (Hurrell, 1995; 
Jones et al., 1997). 
3.1.3 Virtual Population Analysis (VPA) 
Virtual Population Analysis (VPA) is a modeling technique commonly used in fisheries 
science for reconstructing historical fish numbers at age using information on death of 
individuals each year. This death is usually partitioned into catch by fisheries and natural 
mortality (which is assumed to be constant in time, but may vary with age). VPA is the most 
commonly used term to refer to cohort reconstruction techniques used in fisheries. It is 
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virtual in the sense that the population size is not observed or measured directly but is 
inferred to have been a certain size in order to support the observed fish catches and an 
assumed death rate owing to non-fishery related causes. 
 
 
 
 
Figure 6.  The Barents Sea with depth contours and simplified current systems. NAC stands for North Atlantic 
Current, NCC for Norwegian Coastal Current, AW for Arctic Water, and KS for the Kola section. The dark shaded 
regions are main cod spawning areas (Lorenzo Ciannelli, Gjert E. Dingsør, Bjarte Bogstad, Geir Ottersen, Kung-sik 
Chan, Harald Gjøsæter, Jan Erik Stiansen and Nils Chr. Stenseth, 2007). 
 
3.2 Data 
A herring-capelin component and cod component are two main components in the cod-
capelin-herring model. The age-specific abundance of herring in 1950 in herring-capelin 
component, in addition to, the age-specific abundance of cod in 1955, spawning stock 
biomass (SSB) of cod (1950-1954), and biomass of cod at age 3-6 in 1954 in cod component, 
are observed values (VPA estimates) to initialize the model. 
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For herring, no changes were done to the applied natural mortalities used in VPA analysis, 
0.9 for 0 to 2 years old, 0.15 for 3 years and older. The values M = 0.9 for ages 0-2 were 
based on a comparison between estimates of young herring in the Barents Sea from acoustic 
observations and estimates of year class strength from the assessment at older age. The value 
of 0.9 is an average over the juvenile period. 
 
For herring, the SeaStar assessment was selected as the final assessment. SeaStar is a VPA 
method where results from acoustic surveys are used for so-called “tuning”. The 
catchabilities of the acoustic surveys are assumed to have no age structure, i.e. no age or 
abundance dependence. The reason for this choice is that the mechanism for the recruiting of 
herring to the surveys is that of migration, not of growth, where the latter process could be 
assumed to be more regular and modelable. The result of the fishing mortality of the 
assessment (1950-2005) is used for herring in the cod-capelin-herring model. 
 
For capelin, due to the short life span and high spawning mortality, stock abundance is 
assessed by acoustic surveys. 
 
For cod, the estimates come from traditional VPA, where the natural mortality M (defined as 
the mortality not caused by fishing) is assumed to be a constant value. Here, set M = 0.2 for 
cod in the model. 
 
In addition, we use PINRO’s temperature data from the Russian Kola meridian transect 
(33º30´E, 70º30´N to 72º30´N). 
3.3 Model Structure 
The cod-capelin-herring model is a biological three species model which consists of two 
main components, namely a herring-capelin component and a cod component. The 
relationship between these components is that the biomass of herring, which is affected by 
temperature, will influence the predicted biomass of capelin. The predicted biomass of 
capelin after some of them might have been caught will influence the predicted spawning 
stock biomass (SSB) of cod. 
A recruitment model for herring, which includes the effect of temperature on herring 
recruitment success, is contained in the herring-capelin component. The herring recruitment 
model analyzes the recruitment of herring at age 0, and survival from age 0 to age 16, from 
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1951 to 2005 based on the data in 1950. Here, to simplify the analysis, I set the noise which 
is added to the predicted values of herring recruitment equal to 0, so the recruitment of 
herring for each year is: 
     
)*)(*exp( 3,21,0, ttherrtageherr TempkSSBLNkkN ++=   (eq.1) 
     
where k1, k2 and k3 are reproduction coefficients, and Nherr, age 0, t  is the recruitment of herring 
at age 0 in year t, and Temp t is the annual mean temperature in the Kola section in year t. 
SSBherr, t is the spawning stock biomass of herring in year t.  
 
The abundance of herring at age 1 in year t (Nherr, age 1, t) is: 
 
)exp(* 0,1,0,1,0,,1, ageherrtageherrtageherrtageherr MFNN −−= −−   (eq.2) 
      
where Fherr, age 0, t-1 is the observed fishing mortality for age 0 in year t-1, and Mherr, age 0 is the 
natural mortality of herring at age 0. A similar equation also applies to the abundance of 
herring from age 2 to age 16 for each year, but the natural mortality of herring is 0.9 for 0 to 
2 year old herring and 0.15 for 3 years and older. 
 
There is an inner relationship between herring recruitment and its maturation. The 
recruitment of herring will affect the proportion that becomes mature at a certain age and its 
spawning stock biomass. However, this spawning stock biomass will affect the herring 
recruitment next year. The following equations are given to see this interaction (here, I just 
give the equations of herring at age 3 in 1950): 
     
3,1950,3,1950,3,1950,3,
1950,3,1950,3,1950,3,
194931950,16,1950,2,211950,3,
**
))exp(1/()exp(
*)...(*
ageherrageherrageherrageherr
ageherrageherrageherr
ageherrageherrageherr
AVEWPPNSSB
LPLPPP
NAOhNNLNhhLP
=
+=
++++=
(eq.3) 
 
where h1, h2 and h3 are parameters, and LPherr, age 3, PPherr, age 3, AVEWherr, age 3  is transformed 
numbers (using logit) of herring proportion of matures, herring proportion of matures, and 
average weight of herring at age 3 respectively. 
Above is the process of herring recruitment, but the predation from young (age 1-2) herring 
on capelin larvae (age 0) strongly affects capelin dynamics. Thus, the biomass of x year old 
capelin to a large extent depends on the abundance of young herring x years before. The 
following model is based on Hjermann et al. 2004. The age distribution of capelin fluctuates 
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a lot, but on average, capelin of age 1, 2, 3, and 4 constitutes, respectively, 27, 44, 25, and 4 
per cent of the total biomass of capelin. Although this age distribution varies strongly, we 
assume the predicted biomass of capelin (with no noise) in year t to depend on a weighted 
average of the abundance of young herring 1-4 years before (WHt), defined as: 
     
4,3,2,1, *04.0*25.0*44.0*27.0 −−−− +++= therrtherrtherrtherrt BMBMBMBMWH  (eq.4a) 
 
tageherrageherrtageherrageherrtherr NWNWBM ,2,2,,1,1,, ** +=  (eq.4b) 
 
where Wherr, age 1 and Wherr, age 2 is the average weight for age 1 and age 2 (in kg), and BMherr, t 
is the combined biomass of 1- and 2- year old herring (in 106 tons) in year t. Based on a plot 
of predicted capelin biomass BMcapelin, t versus WHt, we fitted a non-linear “hockey-stick” 
regression with two log-linear segments: 
[ ]))log()log(*exp( 21, threshttcapelin WHWHjjBM −−=  if thresht WHWH ≤  (eq.5a) [ ]))log()log(*exp( 43, threshttcapelin WHWHjjBM −−=  if thresht WHWH ≤  (eq.5b) 
           
The parameters (including the threshold WHthresh) were fitted by minimizing least square 
errors of log(BMcapelin, t). The biomass after catch of capelin (ABMcapelin), which is used in the 
cod component of the three species model, is equal to the predicted capelin biomass (with no 
noise) minus the predicted catch of capelin. 
            
As a proxy for cannibalism on age 1 and 2 cod, we used the ratio between the biomass of 
cannibalistic cod, ( cancodBM ) and the available biomass of capelin ( capelinABM ), both taken 
as means over years t-1 and t-2 (Hjermann et al. 2004). For simplification, cancodBM  is 
estimated as the biomass of cod age 3-6, as these age groups have higher numbers and a 
larger degree of spatial and temporal overlap with age 1 and 2 cod than cod above age 6 (that 
migrates out of the Barents Sea in winter). By assuming that the cod’s spawning stock 
biomass (SSB) and recruits are linked by the Beverton-Holt relationship f*SSB/(1 + g*SSB) 
(Beverton & Holt 1957), we modify this relationship by taking into account the positive 
effect of temperature in the year of spawning (year t-3) and the negative effect of the ratio 
between predatory cod and capelin in years t-2 and t-1. This modifies the log-transformed 
Beverton-Holt relationship to: 
[ ] )/log(**)*1/(*log)log( 33,3,,3, capelincancodttcodtcodtagecod ABMBMdTempcSSBgSSBfN +++= −−−  (eq.6) 
     
where log(Ncod age 3,t) is the response variable, and f, g, c, d are parameters. 
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The abundance of cod at age 4 in year t (Ncod, age 4, t) is: 
)exp(* 1,3,1,3,,4, −− −−= tagecodcodtagecodtagecod FMNN   (eq.7) 
     
where Fcod, age 3, t-1 is the observed fishing mortality for age 3 in year t-1, and Mcod is the 
natural mortality of cod, which is assumed to be constant, namely 0.2 for all ages. This 
equation also applies to the abundance of cod at age 5 to age 15 for each year. 
The spawning stock biomass of cod at age A in year t ( tageAcodSSB ,, ) is: 
tageAcodtageAcodtageAcodtageAcod WPPNSSB ,,,,,,,, **=  (eq.8)  
 
where PPcod, age A, t is cod proportion of matures and Wcod, age A is the weight of cod. Finally, 
the predicted spawning stock biomass of cod in year t (SSBcod, t) is the sum of spawning stock 
biomass of cod at different ages in year t. 
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4. The Bioeconomic Model 
The bioeconomic model is constructed on the basis of the cod-capelin-herring model, adding 
cost functions of these three species. I will use the bioeconomic model to solve a dynamic 
optimization problem that maximizes the net present value of the fishery to find optimal 
harvesting of the three species. However, in the cod-capelin-herring model, the predicted 
catch of capelin is predetermined, and due to the limited data of capelin, we can take the net 
present value of capelin as a constant when we maximize the net present value of the three 
species. Then the optimization problem becomes to find optimal harvesting of cod and 
herring in order to maximize the net present value of these two species. 
4.1 Basic Concept 
4.1.1 Renewable Resources 
Renewable resources are biotic, plant and animal populations, and have the capacity to grow 
in size over time, through biological reproduction. Non-renewable resources are abiotic, 
stocks of minerals, and do not have that capacity to grow over time. Fisheries, which have a 
natural capacity for growth, are a renewable resource. But one similarity between renewable 
and non-renewable resources is that both are capable of being fully exhausted (that is, the 
stock being driven to zero) if excessive and prolonged harvesting or extraction activity is 
carried out. For renewable resources, although the stock can grow, it can also be driven to 
zero if conditions interfere with the reproductive capability of the renewable resource, or if 
rates of harvesting continually exceed net natural growth. Therefore, it is important to study 
the harvesting of cod and herring in this case to prevent their extinction. 
4.1.2 The present-value-maximizing fishery model 
The present-value-maximizing fishery model discussed in the following is generalized 
according to Roger Perman, Yue Ma, James McGilvray and Michael Common (p 562-579, 
2003). 
 
Let B denote the gross benefit from harvesting some quantity of fish. The gross benefit will 
depend on the quantity harvested, so we have B= B(H). In a commercial fishery, the 
appropriate measure of gross benefits is the total revenue that accrues to firms. Assuming 
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that fish are sold in a competitive market, each firm takes the market price P as given and so 
the revenue obtained from a harvest H , which may depends upon the effort applied, is given 
by B= PH(E). The total cost of harvesting, C, depends on the amount of effort being 
expended C= C(E). So the fishing profit is given by NB= B – C. 
 
In the absence of harvesting and other human interference, the rate of change of the stock 
depends on the prevailing stock size )(/ SGdtdSS ==& , so the fish-stock growth function 
with human predation is defined as the biological growth function less the quantity harvested. 
That is, )()( EHSGS −=& . 
 
The fishery owners select a harvest rate for each period over the relevant time horizon (here 
taken the terminal point in time is T) to maximize the present value of the fishery, given an 
interest rate r and initial stock level S(0)= S0. Algebraically, we express this as  
dteECEPHMax rtt
T
t
−−∫ ))()((
0
  s.t  )()( tt EHSGS −=&  , S(0)= S0  
The Hamiltonian in current values is then  
))()(()()(),,( tttttttt EHSGECEPHSEL −+−= λλ   
where λt is the shadow price of the resource stock, Et is the control variable, and St is the 
state variable. The necessary conditions for a maximum include: 
(i)  0/ =∂∂ tEL  
(ii) ttt SLr ∂∂−= /λλ&  
and the growth function 
(iii) )()( tt EHSGS −=&  
In a steady state all variables are unchanging with respect to time, so the optimizing 
conditions (i)-(iii) collapse to (i`) 0/ =∂∂ tEL  (ii`) 0=tλ&  (iii`) 0=S&  for obtaining a 
present-value-maximizing fishery steady-state equilibrium. 
 
In the case investigated, the dynamic adjustment processes were dynamically stable, 
eventually converging to equilibrium levels. The optimal harvesting requires a sustained-
yield policy. While Clark (1990) extended their analytical approach to the multi-year-class 
case, concluding that pulse fishing would be optimal given costless harvesting and imperfect 
gear selectivity. The bioeconomic model discussed in section 4.2 is age structure, so the 
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pulse fishing may appear as the result of optimal harvesting policy if the costs of harvesting 
are negligible and the selectivity of fishing gear is imperfect. 
4.2 The Bioeconomic Model 
The bioeconomic model I construct in the thesis is based on the concept of the present-value-
maximizing fishery model. The time horizon I study in this model is from 2006 to 2156, 
which is about 150 years. The biological part in the model is almost the same as the basic 
three species model, except some small changes. Here, I calculate the average temperature 
and average NAO from 1949 to 2004 as the temperature and NAO used in the model. 
   
The abundance of herring at age 1 to age 16 (relevant to eq.2 in section 3) since 2007 
becomes: 
( ) 1,1, *5.01,1,*5.01,1,,, exp*exp* −− −−−−−− −= ageaherrageaherr MtageaherrMtageaherrtageaherr HNNN  (eq.9) 
where HN is the harvesting of herring (in billion).  
 
The abundance of cod at age 4 to age 15 (relevant to eq.7 in section 3) since 2007 becomes: 
( ) )1(*exp* 1,1,1,1,,, −−−− −−= tageacodcodtageacodtageacod FMNN    (eq.10) 
 
The fish market is considered as a competitive market, so each firm takes the market price P 
as given. P is assumed to be constant over time. Due to the limited data and for simplicity, 
here, I use the average price for cod and herring at different ages, ignoring the effect of 
inflation. By obtaining the first-hand on shore prices of cod and herring from the yearly 
reports of Directorate of Fisheries, I compute the average price from 1998 to 2005 as the 
price used in the model (see table 1.and table 2.). Let Pcod , Pherr  denote the price of cod and 
the price of herring respectively, that is, Pcod = 12.42 and Pherr = 2.75. 
 
Table 1. First-hand prices of cod (1998 – 2005) 
year 1998 1999 2000 2001 2002 2003 2004 2005 average
price(kr/kg) 10.47 12.96 13.38 13.90 12.57 10.76 12.07 13.22 12.42 
   
   
Table 2. First-hand prices of herring (1998-2005) 
year 1998 1999 2000 2001 2002 2003 2004 2005 average
price(kr/kg) 1.76 1.45 1.79 3.86 3.55 2.50 3.27 3.83 2.75 
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For simplicity, harvesting costs C are taken to be a linear function of effort, Ct = c*Et, where 
c is the cost parameter, denoting the cost per unit of harvesting effort, taken to be a constant. 
Due to the limited data, I assume the same cost functions and cost parameters for cod and 
herring, given c = 1861 and their own efforts Ecod, t ,Eherr, t. Efforts are measured as tonnage 
days, which denote the total tonnage of fishing vessels going out fishing in one year, and 
costs are valued in Norwegian Kroner. 
   
The amount of efforts has significant effect on harvesting rate of cod and herring. The more 
efforts expended, the higher is the harvesting rate. However, the harvesting rate of cod also 
depends on the mesh size of trawl-nets. The mesh size has great influence on the size of the 
fish captured and the retention rate (Millar and Fryer, 1999). In cod trawl fishery, different 
sizes of cod stay together. The ships drag the trawl along the bottom over several kilometers 
and fishermen catch everything over this distance, except fishes that are so small that they go 
through the trawl. Size selectivity of cod, which reflects the change in probability (0-1) that 
cod of different ages will be caught by a unit fishing effort, is summarized by the length of 
cod with 50% chance of retention ( l50 ) and the selection range (SR), the difference between 
the lengths of cods that have 75% and 25% retention. 
 
The fishing mortality of cod at age a in year t, Fcod, agea,, t is obtained by the following 
equation: 
))/)(*2.2exp(1/())*exp(1( 50,,,, SRllExoF tatcodtageacod −−+−−=  (eq.11) 
where xo is the catchability coefficient of cod, which is given as 4.74E-08, and la, t is the 
length of cod at age a in year t. l50 = 70, SR = 22 are given in the model. Thus, given the 
length of cod at certain age in different year, which is obtained from the cod-capelin-herring 
model, the function of the fishing mortality of cod collapses to a function of its effort, Fcod, 
agea, t (Ecod, t) . 
   
After getting the fishing mortality of cod at certain age in year t, given certain amount of 
effort, we multiply Fcod, agea, t (Ecod, t) with the biomass of cod (in 1000 tons) at the same age 
in the same year, which is equal to the number of cod (Ncod) multiply its weight (Wcod). Thus 
we get the harvesting (in biomass) of cod: 
tagecodtageacodtcodtageacodtageacod WNEFH ,,,,,,,,, **)(=  (eq.12) 
                                                 
1 This regression work is done by Florian Diekert. 
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The herring fishery is very different from the cod fishery. Herring is schooling fish and in 
the main fishing seasons, mature and immature herring have separate schools. So, when 
fishing herring, the fishermen locate a school with big enough fishes and put the seine 
around the school, then close it and lift it up. So they catch everything inside. The harvesting 
(in biomass) of herring is obtained by the following equation: 
tageaherrtherrtageaherr XEqH ,,,,, **=    (eq.13) 
where q is the catchability coefficient of herring, which is taken as 1E-082 in the model. 
tageaherrX ,,  is the biomass of mature herring (in million tons) at certain age in different year, 
which is obtained in the cod-capelin-herring model. 
 
Then the objective function is: 
dteCHPCHP rttherr
a
tageaherrherrtcod
a
tageacodcod
−
== ⎭⎬
⎫
⎩⎨
⎧
⎥⎦
⎤⎢⎣
⎡ −+⎥⎦
⎤⎢⎣
⎡ − ∑∑∫ ,16
0
,,,
15
3
,,
150
0
)*()*(   
   
Since harvesting and cost are both functions of effort, the maximization problem is written 
as: 
dte
EcXEqP
EcWNEFP
Max rt
therrtageaherrtherr
a
herr
tcodtageacodtageacodtcod
a
tageacodcod
−
=
=
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s.t   equations (1)-(8) which are mentioned in section 3.3 and equations (9)-(10) which 
are mentioned in this section 
 
Thus, we regard efforts Ecod, t ,Eherr, t as the control variables, and the spawning stock 
biomass of cod and herring, which is tcodX , , therrX ,  respectively, as the state variables. The 
fishery manager selects an amount of effort of cod and herring for each period over the time 
horizon to maximize the net present value of these two species, given a certain interest rate. 
After obtaining the optimal amount of efforts and use the equations above, we can get the 
optimal harvesting of cod and herring. 
 
                                                 
2 I do the regression, using the data from 1998 to 2002, which is from the yearly reports of Directorate of Fisheries. 
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5. Results 
Premium Solver is used to solve this dynamic optimization problem. We maximize the net 
present value of cod and herring by changing an amount of effort of these two species from 
2006 to 2156 over 150 years. The numerical results are listed in Appendix. 
 
The optimal harvesting effort of cod and its optimal harvesting over the time horizon is 
showed in Figure 7. As we can see in the figure, the optimal path of harvesting effort of cod 
displays pulse fishing at the first 34 years (2006-2040), which reflects that fishing a lot at 
some certain years and do not fish at all for the rest of years. The highest effort is above 
30000000 tons. From 2041, it is optimal to fish every year and reach to a steady state, 
around 7600000 tons, after some fluctuations. At the end of time horizon, we do not need to 
care about the future, so the optimal strategy is to harvest as much as possible, which leads 
to the intensive harvesting during the last three years. For herring, the optimal harvesting 
effort and its optimal harvesting over 150 years can be seen in Figure 8. At the beginning of 
time horizon, it is optimal not to harvest any herring because the cost of harvesting is higher 
than the revenue of harvesting. Then it is optimal to pulse fishing until 2052, and fish every 
year since then. The harvesting effort of herring is above 60000000 tons at its highest, but 
finally at a steady state around 2200000 tons. 
 
Why the optimal path of harvesting effort of cod is combined initial pulse fishing with 
sustainable fishing? On the basis of results in Colin Clark (1990), some conjectures are made. 
Colin Clark (1990) concluded that pulse fishing arises in a multi-cohort fishery where the 
selectivity of fishing gear is not optimally adjusted, which is the case we study here. In the 
bioeconomic model, we use l50 = 70, which is approximate the size of 7-year-old cod, and 
the harvesting mainly focuses on those cods older than age 7. But it might still be fatal to 
smaller cods, although the fraction is very low, we can not exclude young cod from being 
captured. Hence the fishing gear is imperfect selective.  
 
However, Colin Clark (1990) also indicated that the result that pulse fishing would be 
optimal given imperfect gear selectivity depends strongly on various restrictive assumptions, 
the most serious being the assumptions of costless fishing and of recruitment that is entirely 
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independent of stock levels. These assumptions are inconsistent with the case we study here. 
As described above in section 4.2, we consider the harvesting cost of cod as a linear function 
of effort and from eq.6 in section 3.3, the recruitment of cod is dependent on stock levels. 
 
Therefore, according to what we discussed above, we could infer that the optimal harvesting 
strategy is combined pulse fishing with sustainable fishing. 
 
For herring, from some studies, such as optimal harvesting of the Norwegian spring-
spawning herring stock and a spatial model (Systems Analysis Laboratory Research Reports, 
E2, October 1999), the results show that when using a linear cost function and constant price 
in the optimization model, the optimal harvesting pattern is pulse fishing. This is the case we 
study here, we use constant price and linear cost function for herring, which can be seen in 
section 4.2. But what we study here is a multi-fishery model, and due to their food chain 
relationship, less herring in the sea results in more capelin, and then more cod in the sea, 
which could be harvested by fishermen. So to sum up what we discussed, it may conjecture 
that the optimal path of harvesting effort of herring is combined pulse fishing with 
sustainable fishing.  
 
Furthermore, we notice that there is an extremely huge harvesting effort of herring in the 
initial pulse fishing. That maybe because in the pulse fishing, we do not harvest at all for 
some years and harvest a lot in certain years. In this case (see Fig.8), we do not harvest 
herring for 27 years in order to let them grow large enough and increase a lot in the sea, and 
we should harvest a lot in the 28th year to obtain the profits of harvesting herring as many as 
possible so as to offset zero profits of not harvesting herring in previous years. 
 
We know that the harvesting effort has great influence on the harvesting rate of cod and 
herring. The more the harvesting effort expanded, the higher is the harvesting rate. Therefore, 
the optimal path of harvesting of cod and herring are similar to their own optimal path of 
harvesting effort (also see Figs. 7 & 8). The optimal harvesting of cod reaches to a steady 
state around 810 thousand tons and exceeds 1000 thousand tons at the end. The optimal 
harvesting of herring reaches to a steady state around 0.178 million tons and is nearly 5 
million tons at its highest. 
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Figure 7. optimal harvesting effort (in tons) and optimal harvesting (in thousand tons) of cod over 150 years. 
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Figure 8. optimal harvesting effort (in tons) and optimal harvesting (in million tons) of herring over 150 years. 
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Figure 9. optimal harvesting effort (in tons) and spawning stock biomass (in thousand tons) of cod over 150 years. 
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Figure 10. optimal harvesting effort (in tons) and spawning stock biomass (in million tons) of herring over 150 
years. 
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The relationship between the optimal harvesting effort and its spawning stock biomass are 
demonstrated in Figure 9 for cod and Figure 10 for herring. It is obvious that the harvesting 
effort has negative effect on the spawning stock biomass. That is, the spawning stock 
biomass of fish will increase when the harvesting effort is lower in previous period, and vice 
versa. 
 
In Figure 9, at the start point, the spawning stock biomass of cod is below 1500 thousand 
tons and no harvesting until its spawning stock biomass rises above 7000 thousand tons. The 
spawning stock biomass of cod is around 2520 thousand tons during the steady state period 
of its optimal harvesting effort. Due to the intensive harvesting of cod during last three years, 
its spawning stock biomass decreases rapidly at the end, below 2000 thousand tons at the 
terminal point. In Figure 10, at the beginning, the spawning stock biomass of herring 
increases quickly during the first 27 years when there is no harvesting at all. After reaching 
to 8 million tons, the spawning stock biomass of herring decreases sharply due to the very 
high harvesting effort in previous year. Following some fluctuations, which are affected by 
the harvesting effort, the spawning stock biomass of herring also has a steady state at about 8 
million tons during the steady state period of its harvesting effort. As the harvesting effort of 
herring decreases gradually, the spawning stock biomass increases up to 8.5 million tons in 
the end. 
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6. Sensitivity Analysis 
The results I described in section 5 are based on the bioeconomic model I built under some 
certain assumptions. To gain more insights into the optimal harvesting strategy under 
different assumptions, I do some sensitivity analysis in this section to see how the optimal 
harvesting strategy changes accordingly. I change the interest rate, cost parameter of herring 
and price of cod respectively and analyze the results in the following. The numerical results 
are also listed in Appendix. 
6.1 interest rate = 0.1 vs. interest rate = 0.05 
Here I increase the interest rate from 0.05 to 0.1. The new optimal path of harvesting effort 
of cod and herring are showed below (see Figs. 11 & 12). 
 
There are smaller fluctuations in the new optimal path of harvesting effort of cod (see 
Fig.11-a). It is optimal to fish every year except the first two years when the interest rate is 
0.1. The new optimal path also reaches to a steady state and has an intensive harvesting 
during the last three years, which is almost the same as the original optimal path (interest 
rate=0.05). An increase in the interest rate means that we care less about the future, and it is 
more profitable to harvest more recently, and that is why the new optimal path advances 
harvesting to the 3rd year. The spawning stock biomass of cod (see Fig.11-b) with the interest 
rate equals to 0.1 is more stable, but mostly lower compared to the one with the interest rate 
equals to 0.05, until the effort reaches to the steady state. As before, the spawning stock 
biomass with the interest rate equals to 0.1 decreases rapidly at the end of the time horizon 
due to the last three years’ intensive harvesting. 
 
The new optimal path of harvesting effort of herring (see Fig. 12-a) is almost the same as the 
original optimal path (interest rate=0.05), but at two points, the effort in the new path is 
much higher than that in the original path. The general path of the spawning stock biomass 
of herring (see Fig. 12-b) with the interest rate equals to 0.1 is also almost the same as the 
one with the interest rate equals to 0.05, but from 2035, the spawning stock biomass with 
higher interest rate is much lower due to the higher effort. 
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An increase in the interest rate decreases the future value of harvesting fishes. This will lead 
to earlier and more intensive harvesting, and drive the spawning stock biomass down, which 
will probably result in over-fishing. 
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(a)  comparison of optimal harvesting effort 
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(b)  comparison of spawning stock biomass (in thousand tons) 
 
Figure 11.  comparison between interest rate 0.1 and 0.05  ( for cod ) 
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(c)  comparison of optimal harvesting effort 
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(d)  comparison of spawning stock biomass (in million tons) 
 
Figure 12.  comparison between interest rate 0.1 and 0.05  ( for herring ) 
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6.2 cost parameter of herring = 227 vs. cost parameter of   
herring = 186 
Due to the limited data, I use the same cost parameter for cod and herring, namely c = 186 in 
the bioeconomic model. But in reality, the cost of harvesting cod and the cost of harvesting 
herring are different. So I use the total cost of herring fishery and the harvesting effort of 
herring, which are from the yearly reports of Directorate of Fisheries, to do the regression to 
roughly estimate the cost parameter of herring, that is c` = 227. The new optimal path of 
harvesting effort of cod and herring, in addition to their spawning stock biomass are 
demonstrated below (see Figs. 13 & 14). 
 
The new optimal path of harvesting effort of cod is quite similar to the original one (cost 
parameter of cod and herring are both 186), which can be seen in Fig. 13-a. It is also optimal 
to pulse fishing first and reaches to a steady state after some fluctuations. At the end of the 
time horizon, an intensive harvesting occurs. The optimal harvesting efforts of cod are 
higher in the new path during the last three years because it becomes more expensive to 
harvest herring, which is reflected by the new higher cost parameter of herring, it is optimal 
to harvest more cod to gain more total profits. The spawning stock biomass of cod fluctuates 
as the harvesting effort fluctuates, and becomes stable when the optimal harvesting effort 
reaches to a steady state, but finally decreases rapidly due to the intensive harvesting. That is 
similar to the original one (see Fig. 13-b). 
 
For herring, although the new optimal path of harvesting effort is quite similar to the original 
one, it is apparent to see that the optimal harvesting effort is lower when the cost parameter 
of herring is higher (see Fig. 14-c) because the higher the cost parameter is, the higher the 
cost will be. Moreover, it is optimal to wait longer to start harvesting. It is not profitable to 
harvest earlier because the cost of harvesting is higher than the revenue of harvesting. The 
spawning stock biomass of herring is mostly higher when its cost parameter is higher (see 
Fig. 14-d) because of its lower harvesting effort.  
 
An increase in the cost parameter of herring (while the other assumptions are the same) 
means that it becomes more expensive to harvest herring. That will induce to spend lower 
effort on harvesting herring and the profit of harvesting herring becomes lower. At the end of 
30 
  
the time horizon, it spends higher effort to harvest cod in order to obtain total profits of 
harvesting these two species as many as possible. 
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(a)  comparison of optimal harvesting effort 
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Figure 13.  comparison between cost parameter of herring (186) and new cost parameter of herring (227) ( for cod ) 
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(c)  comparison of optimal harvesting effort 
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(d)  comparison of spawning stock biomass (in million tons) 
 
Figure 14.  comparison between cost parameter of herring (186) and new cost parameter of herring (227)  
( for herring ) 
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6.3 age-specific price of cod vs. same price of cod for all ages 
In reality, the price of cod is size-dependent, which means higher price of cod when it is 
larger and lower price of cod when it is smaller. However, due to the age-structure 
bioeconomic model and for simplicity, we use age-dependent price of cod as a proxy for 
size-dependent price of cod. 
 
I use the same price of cod at different ages in the bioeconomic model due to the limited data, 
but it is more reasonable and realistic to use different prices of cod at different ages. Here, I 
use age-specific price of cod, which are taken from the research project of cod-recruitment 
model3. That is, price P = 10 for cod at age 3 to 4, P = 14 for cod at age 5 to 6, and P = 17 
for cod at age 7 to 15. The new optimal path of harvesting effort of cod and herring, and 
their spawning stock biomass can be seen in Figs. 15 & 16. 
 
For cod, under the condition of age-specific price of cod (while other assumptions are the 
same), it is optimal to pulse fishing in a longer time at first, compared to the optimal path 
under the condition of same price of cod for all ages. Then, it also reaches to a steady state 
after some fluctuations, and finally occurs an intensive harvesting at the end of the time 
horizon (see Fig. 15-a). Moreover, the optimal harvesting efforts of cod are mostly higher 
under the condition of age-specific price of cod because the average price of cod across 
different ages is higher when the prices are different at different ages (see table 3.), it is 
optimal to harvest more cod to gain more profits.  
 
Table 3. Average price of cod across different ages 
age 3 4 5 6 7 8 9 10 11 12 13 14 15 average
age-specific 
price of cod 
 
10 
 
10
 
14 
 
14 
 
17
 
17
 
17
 
17
 
17
 
17
 
17
 
17 
 
17 
 
15.46 
same price 
of cod for 
all ages 
 
12.42 
 
 
12.42 
 
                                                 
3 This is done by Eric Nævdal. 
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The spawning stock biomass of cod fluctuates as its harvesting effort fluctuates. It is lower 
during and after its steady state period of harvesting effort under the condition of age-
specific price due to its higher effort (see Fig. 15-b).  
 
The pulse fishing doesn’t appear in the optimal strategy of harvesting herring under the 
condition of age-specific price of cod (see Fig. 16-c) maybe because it is more profitable to     
have a longer time of pulse fishing on cod in order to get higher total present value. Under 
this condition, it is optimal to start harvesting herring after waiting for 25 years and the 
optimal harvesting efforts are mostly higher. 
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(a)  comparison of optimal harvesting effort 
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(b)  comparison of spawning stock biomass (in thousand tons) 
 
Figure 15.  comparison between age-specific price of cod and same price of cod for all ages ( for cod ) 
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(c)  comparison of optimal harvesting effort 
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(d)  comparison of spawning stock biomass (in million tons) 
 
Figure 16.  comparison between age-specific price of cod and same price of cod for all ages ( for herring ) 
 
 
The spawning stock biomass of herring increases rapidly during the first 25 years when there 
is no harvesting at all under the condition of age-specific price of cod (see Fig. 16-d). It is 
higher for a long time than that under the condition of same price of cod for all ages because 
the harvesting effort in 2034 in latter condition is too high and needs time to recover. The 
spawning stock biomass of herring is lower under the condition of age-specific price of cod 
since 2073. 
 
The average price of cod across ages is higher when the price of cod is age-specific, so it is 
more profitable to spend more effort on harvesting cod. In order to harvest more cod, it is 
better to harvest more herring because the less herring in the sea, the more capelin in the sea, 
then the more cod in the sea, which could be caught by the fishermen. Therefore, the optimal 
harvesting effort of cod and herring are both higher and their spawning stock biomass are 
both lower under the condition of age-specific price of cod. 
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6.4 an 10% increase in the abundance of capelin vs. the 
bioeconomic model 
In the Barents Sea, capelin is the main food for cod and the abundance of cod is mainly 
affected by the abundance of capelin. So in this subsection, we study the influence of an 
increase in the abundance of capelin on the abundance of cod and to see the changes of 
optimal harvesting strategies of cod and herring. Here, we just increase 10% of capelin’s 
biomass while other assumptions do not change in the bioeconomic model. With no 
harvesting and from the relationship between these three species in the model that the 
recruitment of herring affects the abundance of capelin, thus affects the abundance of cod, 
we know that the abundance of herring will not change, but the abundance of cod will 
increase as an increase in capelin’s biomass. Therefore, the optimal harvesting strategies of 
cod and herring may change. We compare the result of the bioeconomic model (that is case 
(1), see above) with the result of a 10% increase in capelin’s biomass (say case (5) to 
simplify the denotation). The new paths are showed in Figs. 17 & 18. 
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(a)  comparison of optimal harvesting effort 
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(b)  comparison of spawning stock biomass (in thousand tons) 
 
Figure 17.  comparison between the bioeconomic model and a 10% increase in capelin’s biomass ( for cod ) 
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(c)  comparison of optimal harvesting effort 
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(d)  comparison of spawning stock biomass (in million tons) 
 
Figure 18.  comparison between the bioeconomic model and a 10% increase in capelin’s biomass ( for herring ) 
 
 
The new optimal paths of harvesting effort of cod and herring (in case (5)) also combine 
pulse fishing and sustainable fishing (see Fig. 17-a & Fig. 18-c). For cod, the new optimal 
harvesting efforts are mostly higher than the original one (in case (1)) because more 
abundance of cod in the sea now as a 10% increase in capelin’s biomass, it is optimal for 
fishermen to spend more harvesting effort on cod to get higher profit. However, although the 
harvesting efforts in case (5) are a bit higher, the spawning stock biomass of cod is also a bit 
higher in this case (see Fig. 17-b). The reason is that the harvesting efforts of cod do not 
increase as much as the biomass of cod. For herring, the new optimal path of  harvesting 
effort in general is almost the same as the original one, but a bit lower in some periods, 
which are not obvious (see Fig. 18-c). Accordingly, the spawning stock biomass is almost 
the same as the original one, but a bit higher in the periods when the efforts are a bit lower 
(see Fig. 18-d). So a 10% increase in capelin’s biomass doesn’t change the harvesting efforts 
and the spawning stock biomass of herring much. 
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To sum up, a 10% increase in capelin’s biomass does not change the optimal harvesting 
effort of herring much, but will increase the optimal harvesting effort of cod because more 
abundance of cod in the sea now.  
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7. Conclusion 
I obtain some new results from doing the sensitivity analysis in section 6. To make the 
denotation simply, I classify five cases under different assumptions, that is, case (1): same 
price of cod for all ages, same cost parameters for cod and herring, interest rate = 0.05 (they 
are the assumptions in the bioeconomic model I built in section 4); case (2): same price of 
cod for all ages, same cost parameters for cod and herring, interest rate = 0.1 (this is 
discussed in section 6.1); case (3): same price of cod for all ages, different cost parameters 
for cod and herring, interest rate = 0.05 (this is discussed in section 6.2); case (4): age-
specific price of cod, same cost parameters for cod and herring, interest rate = 0.05 (this is 
discussed in section 6.3); case (5): the assumptions in case (1) plus one more assumption— 
an 10% increase in capelin’s biomass (this is discussed in section 6.4). 
 
The net present value of harvesting cod and herring in first four cases are illustrated by 
Figure 19. As we can see in the figure, the total net present value in case (4) is the highest 
(this is also true among five cases), and the total net present value in case (1) is ranked 
second highest. Comparing these two cases, the assumptions are the same except the price of 
cod at different ages. When using the age-specific price of cod, the average price of cod 
across ages is higher, so it is more profitable for fishermen to harvest more cod. And in order 
to harvest more cod, it is better to harvest more herring, therefore, the net present value of 
harvesting cod and herring in case (4) is higher than that in case (1). 
 
Compared with case (1), the cost parameter of herring is higher in case (3), implying that the 
cost of harvesting herring is higher, thus the harvesting effort of herring would be lower. 
And the harvesting effort of cod would be limited by the spawning stock biomass of herring 
and cod in the sea. So the net present value of harvesting cod and herring is lower in case (3). 
 
In case (2), the interest rate is higher, meaning that we care more about present and less 
about future, thus we will advance time of harvesting, but the net present value would be 
lower. The net present value of harvesting in case (2) is the lowest among these four cases. 
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Therefore, it is more profitable for fishermen to harvest cod and herring when the price of 
cod is age-specific, the cost of catching herring is lower and the interest rate is lower. 
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Figure 19.  Net Present Value of harvesting cod and herring in different cases  
 
 
Compared to case (1), it is more profitable for fishermen to catch more cod in case (5) 
because in this case, the optimal harvesting efforts of cod are higher and the net present 
value of harvesting cod and herring is also higher (see Fig. 20). 
 
Last but not least, I compare the net present value of harvesting cod and herring under two 
different harvesting strategies. In the bioeconomic model, the optimal harvesting efforts of 
cod and herring over the time horizon are dynamic respectively. But compared to the optimal 
constant harvesting strategy for cod and herring, which one is better? To investigate this, I 
use the historical harvesting effort of cod and herring respectively, that is, the harvesting 
effort of cod and herring in 2004 (Ecod = 10557085 and Eherr = 8562600) from the yearly 
reports of Directorate of Fisheries as their own optimal constant harvesting efforts over the 
time horizon. 
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The net present value of harvesting cod and herring under the optimal constant harvesting 
strategy for cod and herring is much lower than that under the optimal dynamic harvesting 
strategy for cod and herring (see Fig.21). 
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Figure 20.  Net Present Value of harvesting cod and herring 
 
 
 
 
In the bioeconomic model discussed in section 4.2, the optimal dynamic harvesting strategy 
which is combined initial pulse fishing with sustainable fishing, is applied for both cod and 
herring. Mitri Kitti, Marko Lindroos and Veijo Kaitala (p. 47-55, 2002) indicates that the 
dynamic harvesting strategy is more optimal than the fixed harvesting efforts strategy if the 
economic value of old fishes is much higher than the economic value of young fishes. This is 
true for the bioeconomic model we discussed since old cod and herring weigh more and the 
price per kilogram of cod and herring are the same for all age classes respectively. Therefore, 
it is optimal to apply dynamic harvesting strategy for cod and herring to get higher net 
present value of harvesting them. 
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Figure 21.   Comparison of Net Present Value of harvesting cod and herring between constant harvesting strategy 
and dynamic harvesting strategy 
 
 
To conclude all the cases discussed above, we know that it is the most profitable for 
fishermen to harvest cod and herring when the price of cod is age-specific, the cost of 
catching herring is lower and the interest rate is lower. The net present value of harvesting 
cod and herring is higher if we increase capelin’s biomass while other assumptions do not 
change in the bioeconomic model. And it is more profitable to use dynamic harvesting 
strategy compared to constant harvesting strategy. 
 
The bioeconomic model in the thesis is built based on simple assumptions and due to the 
limited data and the cod-capelin-herring model, the net present value of capelin is taken as a 
constant, it would be more accurate to choose the optimal harvesting policies of cod and 
herring if including the variables of capelin, and we could also obtain the optimal harvesting 
strategy of capelin by changing its efforts in each period. Furthermore, it would be more 
complicated and also more appropriate if we relax some simple assumptions in the model, 
such as linear cost functions, no noise in the recruitment of herring. The results will change 
as the assumptions change. 
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Appendix        
Case (1): same price of cod for all ages, same cost parameters for cod and herring, interest rate = 0.05 
 
Table 1: optimal harvesting effort of cod and herring, spawning stock biomass of cod (in thousand tons) 
and herring (in million tons), yearly discounted value (YDV) of cod and herring over the time horizon 
 
number year 
Effort of 
cod 
Effort of 
herring 
SSB of 
cod 
SSB of 
herring 
Yearly Discounted 
Value (YDV) of cod 
Yearly Discounted 
Value (YDV) of 
herring 
0 2006 0 0 1279.901 2.2226 0 0
1 2007 0 0 2211.92 2.7719 0 0
2 2008 0 0 3391.726 3.1798 0 0
3 2009 0 0 4687.502 3.5089 0 0
4 2010 0 0 6039.71 3.9201 0 0
5 2011 32003064 0 7397.876 4.1307 52847256953 0
6 2012 0 0 2967.929 4.3099 0 0
7 2013 15565023 0 3741.211 4.5424 15947561260 0
8 2014 27637762 0 2662.772 4.7927 13953169231 0
9 2015 0 0 1515.379 5.0295 0 0
10 2016 0 0 2172.34 5.2101 0 0
11 2017 0 0 3000.587 5.3431 0 0
12 2018 0 0 3946.698 5.5106 0 0
13 2019 32256087 0 4945.115 5.6909 23236660337 0
14 2020 0 0 2167.398 5.8877 0 0
15 2021 0 0 2893.308 5.9406 0 0
16 2022 17608252 0 3704.462 6.1697 11003248460 0
17 2023 19312886 0 2539.582 6.3821 7246489775 0
18 2024 0 0 1807.82 6.5674 0 0
19 2025 0 0 2487.538 6.7375 0 0
20 2026 4723681 0 3290.041 6.8982 2931650357 0
21 2027 22552621 0 3528.766 7.0455 9340164196 0
22 2028 5377885 0 2144.128 7.1913 1868457900 0
23 2029 0 0 2383.827 7.3354 0 0
24 2030 5027636 0 3130.517 7.4753 2411924999 0
25 2031 19348128 0 3311.909 7.6097 6611358393 0
26 2032 9081431 0 2201.53 7.7389 2421351556 0
27 2033 0 0 2155.914 7.8645 0 0
28 2034 8877394 60285693 2865.558 7.9874 2892396472 518111692.5
29 2035 4656322 0 2719.92 3.6632 1518116657 0
30 2036 17150022 0 2963.518 4.1705 4277417549 0
31 2037 6550791 0 2152.088 4.7265 1426726407 0
32 2038 0 0 2291.36 5.2325 0 0
33 2039 8158605 0 3014.844 5.6419 2235580860 0
34 2040 13360681 0 2895.362 5.9752 2925932138 0
35 2041 9009084 0 2362.904 6.1569 1677228682 0
36 2042 2671923 0 2291.261 6.3471 542917981.2 0
37 2043 6828157 0 2754.575 6.5503 1448963652 0
38 2044 9850612 0 2811.706 6.759 1884337369 0
48
  
39 2045 9040705 0 2590.685 6.9641 1537017590 0
40 2046 6806681 0 2484.186 7.116 1114973862 0
41 2047 5965382 156032.2 2579.566 7.2607 990363558.3 289281.2811
42 2048 7845374 2135436 2733.226 7.3906 1257173205 4753305.554
43 2049 8843886 0 2688.531 7.2985 1291500392 0
44 2050 7818744 0 2559.042 7.3794 1057852364 0
45 2051 7439146 0 2537.578 7.4727 959397376.9 0
46 2052 7493953 232798.6 2552.987 7.6782 925193988.3 621524.4094
47 2053 7918481 2287334 2561.689 7.8385 924178116.6 6833759.116
48 2054 7814757 2532683 2532.751 7.8233 860130712.2 7104956.271
49 2055 7422229 1829823 2516.887 7.7816 780591368.7 4696663.221
50 2056 7313483 1412708 2536.641 7.7973 740866845.2 3506503.819
51 2057 7558043 1523315 2562.143 7.8476 732442061.1 3776045.581
52 2058 7758411 1908278 2561.344 7.8942 712009639 4698317.184
53 2059 7728782 2149981 2541.892 7.9127 670354128.8 5123909.879
54 2060 7636366 2140289 2527.351 7.9103 628316885.7 4847630.539
55 2061 7604832 2013882 2522.79 7.9092 595211477.3 4340109.761
56 2062 7612637 1919403 2521.504 7.9202 567013226.3 3977101.827
57 2063 7600026 1920654 2519.664 7.9389 538876928.2 3851494.461
58 2064 7562524 1972324 2519.297 7.959 511110655 3831323.594
59 2065 7550352 2044278 2522.432 7.9743 486797276.4 3830211.861
60 2066 7577567 2145086 2526.161 7.9867 465689899.8 3866801.011
61 2067 7604469 2216264 2526.626 7.9913 444847551.3 3819263.191
62 2068 7610506 2236075 2524.224 7.9895 423484663.8 3664366.798
63 2069 7601215 2203693 2521.368 7.984 402425542.2 3423954.051
64 2070 7593489 2170569 2519.716 7.9808 382678244.9 3203539.282
65 2071 7590639 2162976 2519.078 7.9828 364245553.9 3045371.982
66 2072 7587352 2175240 2518.854 7.9874 346743690 2927688.361
67 2073 7582604 2188898 2518.945 7.9908 330075234.9 2813677.548
68 2074 7580746 2194587 2519.391 7.9922 314352506.5 2689629.254
69 2075 7583802 2193371 2519.867 7.9924 299539647.7 2560614.302
70 2076 7588938 2191474 2519.934 7.9929 285438518.5 2437557.369
71 2077 7592160 2192722 2519.489 7.9942 271887103.1 2325270.063
72 2078 7591802 2196599 2518.82 7.9959 258856124.7 2221449.235
73 2079 7588864 2200677 2518.308 7.9972 246399062.4 2121936.246
74 2080 7585404 2203038 2518.165 7.998 234565449.7 2024355.952
75 2081 7583029 2203267 2518.364 7.9983 223358475.6 1928617.323
76 2082 7582441 2201854 2518.734 7.9984 212742676.9 1835720.081
77 2083 7583537 2199456 2519.074 7.9985 202665017.9 1746519.003
78 2084 7585594 2197081 2519.238 7.9988 193069572.1 1661984.075
79 2085 7587612 2195410 2519.17 7.9994 183909260.8 1582445.786
80 2086 7588751 2194663 2518.917 8.0003 175153420.3 1507647.571
81 2087 7588709 2194512 2518.597 8.0013 166788886.5 1436848.275
82 2088 7587758 2194595 2518.336 8.0021 158812703 1369410.547
83 2089 7586474 2194818 2518.213 8.0028 151221710.1 1305065.439
84 2090 7585396 2195327 2518.237 8.0034 144005830.7 1243798.518
85 2091 7584829 2196313 2518.36 8.0039 137147503 1185598.731
86 2092 7584809 2197889 2518.512 8.0043 130624964.4 1130354.672
87 2093 7585194 2200067 2518.632 8.0047 124416107.6 1077871.751
88 2094 7585757 2202820 2518.684 8.0048 118501063.5 1027947.177
89 2095 7586283 2206132 2518.661 8.0047 112863189.9 980417.0612
49
  
90 2096 7586626 2210008 2518.583 8.0045 107488927.9 935153.5984
91 2097 7586731 2214451 2518.48 8.0039 102366953.2 892041.7916
92 2098 7586625 2219446 2518.383 8.0032 97487168.86 850963.3875
93 2099 7586388 2224949 2518.315 8.0022 92839847.9 811794.066
94 2100 7586111 2230893 2518.284 8.0009 88415107.11 774410.0449
95 2101 7585870 2237188 2518.286 7.9994 84202786.91 738691.9682
96 2102 7585706 2243735 2518.312 7.9975 80192604.58 704530.9865
97 2103 7585627 2250423 2518.347 7.9954 76374441.26 671831.376
98 2104 7585617 2257145 2518.383 7.993 72738604.5 640510.8518
99 2105 7585648 2263786 2518.413 7.9904 69275986.3 610497.3866
100 2106 7585692 2270231 2518.436 7.9876 65978116.52 581726.2183
101 2107 7585733 2276358 2518.454 7.9845 62837112.68 554138.1142
102 2108 7585765 2282043 2518.472 7.9813 59845588.25 527679.5389
103 2109 7585788 2287162 2518.494 7.978 56996541.74 502302.9016
104 2110 7585807 2291596 2518.522 7.9746 54283275.62 477966.3935
105 2111 7585824 2295227 2518.559 7.9711 51699360.98 454633.122
106 2112 7585835 2297947 2518.606 7.9677 49238612.13 432270.0786
107 2113 7585830 2299650 2518.662 7.9644 46895116.34 410847.2323
108 2114 7585799 2300242 2518.728 7.9611 44663241.14 390336.8329
109 2115 7585733 2299633 2518.806 7.9581 42537650.2 370712.9535
110 2116 7585633 2297747 2518.896 7.9553 40513298.02 351951.0428
111 2117 7585509 2294515 2519 7.9529 38585414.67 334027.418
112 2118 7585382 2289882 2519.117 7.9508 36749467.84 316918.864
113 2119 7585282 2283799 2519.244 7.9491 35001126.46 300602.187
114 2120 7585234 2276231 2519.376 7.9479 33336220.27 285054.1011
115 2121 7585253 2267154 2519.506 7.9473 31750711.04 270251.0907
116 2122 7585333 2256557 2519.628 7.9472 30240698.45 256169.4122
117 2123 7585447 2244442 2519.738 7.9478 28802445.38 242785.1061
118 2124 7585565 2230826 2519.833 7.9491 27432428.31 230074.0536
119 2125 7585673 2215723 2519.915 7.9512 26127397.77 218010.2296
120 2126 7585822 2199154 2519.985 7.954 24884422.31 206567.2284
121 2127 7586132 2181144 2520.041 7.9577 23700828.23 195718.2149
122 2128 7586826 2161737 2520.068 7.9622 22574167.12 185437.4383
123 2129 7588190 2140981 2520.04 7.9676 21502060.08 175699.1346
124 2130 7590488 2118932 2519.91 7.9739 20481984.98 166477.6659
125 2131 7593801 2095659 2519.621 7.9812 19511052.94 157748.1751
126 2132 7597845 2071234 2519.126 7.9894 18585901.98 149486.1205
127 2133 7601848 2045731 2518.409 7.9986 17702839.09 141667.2388
128 2134 7604621 2019220 2517.526 8.0087 16858320.69 134267.5335
129 2135 7604848 1991769 2516.619 8.0199 16049599.91 127263.3469
130 2136 7601576 1963481 2515.903 8.032 15275290.41 120634.4155
131 2137 7595125 1934486 2515.621 8.0451 14536173.02 114362.3585
132 2138 7587705 1904950 2515.928 8.0592 13834899.92 108431.0431
133 2139 7583414 1875061 2516.753 8.0742 13174749.07 102825.5319
134 2140 7587826 1845051 2517.697 8.0902 12558283.48 97533.3602
135 2141 7606524 1814318 2517.989 8.107 11985332.93 92499.14611
136 2142 7633470 1782882 2516.581 8.1247 11439929.28 87708.04611
137 2143 7666149 1750687 2513.159 8.1433 10916231.49 83142.80665
138 2144 7695009 1718397 2507.751 8.1628 10403197.39 78820.47242
139 2145 7703121 1686084 2501.197 8.1831 9887859.898 74726.2031
140 2146 7665724 1653830 2495.53 8.2043 9357209.387 70846.63497
50
  
141 2147 7562220 1622048 2494.286 8.2263 8810198.475 67183.37474
142 2148 7397802 1590804 2501.824 8.2489 8270558.925 63722.37101
143 2149 7229383 1560120 2521.152 8.2722 7796186.493 60449.40058
144 2150 7172272 1529979 2550.079 8.296 7469144.446 57350.51955
145 2151 7377485 1500355 2577.171 8.3204 7361901.651 54413.06742
146 2152 8008895 1472301 2580.229 8.3452 7497347.6 51663.71647
147 2153 9233463 1446341 2529.011 8.3704 7803026.45 49104.93667
148 2154 11204986 1424861 2393.974 8.3958 8068193.567 46798.8911
149 2155 14030582 1403552 2162.126 8.421 7976176.377 44581.81293
150 2156 17747357 1467429 1853.275 8.4461 7282877.718 45063.52991
 
sum(YDV) 198,185,244,217.36 666,710,627.58
Net Present Value 198,851,954,844.94 
 
 
Table 2:  optimal harvesting of cod (in thousand tons) and herring (in million tons) over the time horizon 
 
year 
Harvesting 
of cod 
Harvesting 
of herring year 
Harvesting 
of cod 
Harvesting 
of herring year 
Harvesting 
of cod 
Harvesting 
of herring 
 2006 0 0 2007 0 0 2008 0 0
2009 0 0 2010 0 0 2011 5909.867 0
2012 0 0 2013 2039.848 0 2014 2073.737 0
2015 0 0 2016 0 0 2017 0 0
2018 0 0 2019 4010.936 0 2020 0 0
2021 0 0 2022 2197.572 0 2023 1626.512 0
2024 0 0 2025 0 0 2026 697.0327 0
2027 2432.861 0 2028 520.613 0 2029 0 0
2030 701.5974 0 2031 2092.364 0 2032 829.2013 0
2033 0 0 2034 1045.875 4.816074 2035 572.8543 0
2036 1745.302 0 2037 619.4032 0 2038 0 0
2039 1022.748 0 2040 1437.683 0 2041 879.8155 0
2042 293.1931 0 2043 811.7371 0 2044 1116.313 0
2045 965.1282 0 2046 733.9329 0 2047 678.7695 0.011331
2048 903.132 0.157849 2049 979.8922 0 2050 845.933 0
2051 805.4649 0 2052 815.0076 0.017878 2053 855.694 0.179323
2054 837.3588 0.198174 2055 797.555 0.142415 2056 793.5688 0.110172
2057 823.2659 0.119565 2058 840.9715 0.150669 2059 832.244 0.170151
2060 819.5074 0.169332 2061 815.2813 0.15931 2062 815.5778 0.152046
2063 813.9135 0.152505 2064 810.4798 0.157005 2065 810.3336 0.163045
2066 813.8596 0.171351 2067 816.368 0.177139 2068 816.1605 0.178681
2069 814.4663 0.175973 2070 813.2827 0.173259 2071 812.8371 0.172696
2072 812.4718 0.173775 2073 812.0687 0.174941 2074 812.0301 0.175426
2075 812.4406 0.175334 2076 812.916 0.175193 2077 813.0694 0.175321
2078 812.8372 0.175668 2079 812.4229 0.176024 2080 812.0724 0.17623
2081 811.9205 0.176255 2082 811.9784 0.176144 2083 812.1773 0.175954
2084 812.4082 0.175771 2085 812.5656 0.175651 2086 812.5897 0.17561
2087 812.4889 0.175619 2088 812.3257 0.175644 2089 812.1749 0.175677
2090 812.0868 0.175731 2091 812.0736 0.175821 2092 812.1177 0.175957
2093 812.1874 0.176139 2094 812.252 0.176362 2095 812.291 0.176626
2096 812.2973 0.17693 2097 812.2753 0.177274 2098 812.2367 0.177657
2099 812.195 0.178075 2100 812.1608 0.178523 2101 812.14 0.178992
2102 812.133 0.179475 2103 812.1366 0.179962 2104 812.1465 0.180446
51
  
2105 812.1583 0.180917 2106 812.1694 0.181368 2107 812.179 0.181788
2108 812.1879 0.182168 2109 812.1974 0.182501 2110 812.2087 0.182776
2111 812.2225 0.182987 2112 812.2386 0.183125 2113 812.2564 0.183184
2114 812.2751 0.183157 2115 812.2943 0.183039 2116 812.3144 0.182825
2117 812.3365 0.182511 2118 812.3622 0.182095 2119 812.3933 0.181573
2120 812.4306 0.180944 2121 812.4734 0.180208 2122 812.5191 0.179365
2123 812.564 0.178415 2124 812.6047 0.177362 2125 812.6405 0.176207
2126 812.676 0.174951 2127 812.7213 0.173598 2128 812.7921 0.172151
2129 812.9053 0.170614 2130 813.0706 0.168991 2131 813.278 0.167287
2132 813.4871 0.165507 2133 813.6254 0.163657 2134 813.6035 0.161742
2135 813.3479 0.159765 2136 812.8394 0.157734 2137 812.1795 0.155659
2138 811.6106 0.15355 2139 811.475 0.151423 2140 812.1475 0.149294
2141 813.8913 0.147112 2142 815.8479 0.144879 2143 817.6934 0.142588
2144 818.5844 0.140294 2145 817.2899 0.137999 2146 812.2724 0.135709
2147 802.784 0.133457 2148 790.4515 0.131247 2149 780.98 0.129078
2150 784.1298 0.12695 2151 810.8367 0.124857 2152 868.8398 0.122888
2153 956.6842 0.121086 2154 1056.332 0.119649 2155 1132.434 0.118214
2156 1150.034 0.123962  
 
Table 3: spawning stock biomass of cod at different ages (in thousand tons) over the time horizon 
 
year ssb3 ssb4 ssb5 ssb6 ssb7 ssb8 ssb9 ssb10 ssb11 ssb12 ssb13 ssb14 ssb15
2006 1.0718 6.9016 42.821 212.23 392.2 279.19 167.37 106.97 42.85 14.048 9.496 4.0118 0.7373
2007 1.6914 6.1314 36.82 174.48 576.1 683.89 362.63 188.05 112.01 43.23 13.85 9.2029 3.8347
2008 0.8728 9.1299 31.438 148.82 490.37 1036.7 893.29 406.59 196.79 112.93 42.57 13.409 8.7907
2009 0.8716 4.6317 46.257 126.28 423.78 912.94 1378.9 1004.8 425.31 198.45 111.2 41.215 12.808
2010 0.9657 4.8721 24.682 191.21 366.75 807.55 1243.4 1569.9 1056.6 430.22 196.1 107.98 39.456
2011 1.0829 5.6176 26.78 105.06 562.37 703.48 1110.2 1429.5 1660.9 1072.5 426.1 190.78 103.59
2012 1.103 6.0009 28.361 98.923 232.15 619.74 404.26 403.98 397.87 401.34 241.4 92.359 40.44
2013 1.0931 6.1267 31.089 115.73 286.48 441.18 844.58 463.23 427.35 403.97 397.2 234.63 88.513
2014 1.0586 5.9434 30.635 115.28 275.69 390.88 369.3 525.54 248.54 213.02 193.5 185.62 107.78
2015 1.0074 5.6906 29.379 110.36 251.62 315.23 245.19 153.23 172.81 72.608 58.56 51.416 48.286
2016 1.0023 5.4869 29.515 119.76 316.39 473.95 429.57 281.15 162.03 175.38 71.87 56.943 49.291
2017 0.9799 5.4435 28.488 120.82 346 600.26 646.21 492.38 297.38 164.5 173.6 69.895 54.598
2018 0.9398 5.3041 28.248 116.89 350.86 660.6 821.54 740.9 520.72 301.94 162.9 168.86 67.02
2019 0.9507 5.0691 27.494 116.02 340.59 672.91 907.16 943.33 783.62 528.64 299 158.43 161.92
2020 0.9565 5.0248 25.036 100.18 257.89 385.51 394.55 332.33 262.15 188.36 118 64.169 33.206
2021 0.9643 5.135 26.034 103.05 293.33 497.71 531.87 454.18 351.92 266.24 186.5 114.81 61.543
2022 0.9677 5.1694 26.608 107.29 302.38 567.47 687.81 612.79 481.19 357.52 263.7 181.44 110.12
2023 0.9323 5.1147 25.884 100.85 261.52 413.15 461.15 403.65 303.91 219.49 156 112.11 75.779
2024 0.9385 4.915 25.544 97.655 243.3 349.37 322.38 255.4 186.75 128.54 88.57 61.254 43.21
2025 0.9456 5.0076 25.437 105.44 287.83 473.26 484.58 372.08 270.81 189.82 127.4 86.188 58.763
2026 0.9286 5.0401 25.914 105.06 311.13 560.66 657.06 559.56 394.63 275.3 188.1 123.95 82.69
2027 0.9061 4.9199 25.76 104.01 291.65 543.67 665.53 627.24 481.77 322.88 218.7 146.55 95.134
2028 0.9155 4.7453 24.454 96.535 247.16 375.94 395.72 332.06 255.14 176.79 112.3 73.829 48.506
2029 0.9241 4.833 24.191 97.825 266.4 426.86 437.77 368.41 277.92 202.63 136.3 84.863 54.942
2030 0.9245 4.8967 24.959 99.987 289.6 521.13 594.38 506.19 390.96 282.61 200.8 132.62 81.429
2031 0.9011 4.8715 24.975 100.14 277.65 505.17 614.7 561.54 430.36 315.56 221.4 154.26 100.35
2032 0.9006 4.7041 24.281 94.629 244.21 376.18 398.47 342.34 260.31 182.05 127.2 86.836 59.386
2033 0.909 4.7228 23.792 95.565 251.85 393.08 392.15 321.86 244.19 174.67 118.1 80.774 54.259
2034 0.91 4.8007 24.37 98.477 283.87 494.65 548.77 453.98 341.74 248.36 173.2 114.96 77.515
52
  
2035 0.892 4.767 24.28 96.063 263.06 459.7 519.6 447.1 326.79 231.48 162.7 110.98 72.53
2036 0.887 4.6793 24.31 97.769 269.03 464.94 550.63 499 386.64 268.4 184.6 127.17 85.471
2037 0.892 4.6047 23.328 92.807 243.14 378.51 389.02 331.61 253.41 180.43 119.8 80.24 54.303
2038 0.88 4.626 23.291 92.862 254.29 413.04 427.15 346.73 263.92 190.78 131.7 85.634 56.492
2039 0.898 4.6343 23.988 96.965 277.44 501.69 578.04 494.97 368.25 268.46 189.1 128.17 82.186
2040 0.943 4.8417 24.114 96.823 264.64 459.54 541.14 485.52 368.28 258.15 182.1 125.55 83.75
2041 0.984 5.1048 24.985 95.236 250.93 396.92 425.42 373.62 289.28 204.03 137.5 94.678 64.192
2042 0.988 5.2774 26.04 98.965 254.4 404.13 414.26 344.66 267.56 194.95 132.9 87.681 59.413
2043 0.965 5.2848 27.034 105.26 281.55 466.16 513.77 429.79 325.09 240.73 170.6 114.15 74.189
2044 0.938 5.1248 26.803 106.33 282.38 468.52 517.45 451.59 337.67 241.67 173.4 120.42 79.341
2045 0.924 4.9564 25.87 104.21 276.06 440.5 473.52 404.68 311.28 218.7 151.2 106.19 72.561
2046 0.925 4.8772 25.082 101.29 274.1 437.95 455.45 381.77 288.82 209.16 142.1 96.176 66.473
2047 0.923 4.8863 24.797 99.468 273.98 456.85 485.39 400.18 300.11 214.87 150.8 100.39 66.905
2048 0.917 4.8714 24.879 98.865 272.35 466.38 521.08 440.96 326.28 232 161.1 110.84 72.665
2049 0.911 4.8244 24.7 98.315 265.56 447.06 502.77 440.38 331.37 231.47 159.4 108.4 73.415
2050 0.908 4.7826 24.409 97.195 261.67 428.19 468.31 409.26 317.1 224.65 151.8 102.29 68.491
2051 0.906 4.7653 24.241 96.568 261.79 431.2 463.24 396.82 308.16 225.29 154.5 102.23 67.84
2052 0.903 4.7554 24.169 96.131 261.46 435.29 472.4 398.54 303.83 222.8 157.7 105.95 69.022
2053 0.9 4.7362 24.125 95.896 260.44 434.82 476.5 405.75 304.49 219.16 155.6 107.89 71.356
2054 0.899 4.7182 24.022 95.609 258.92 429.97 470.25 402.8 304.44 215.46 150.1 104.35 71.226
2055 0.899 4.7157 23.936 95.284 258.61 428.69 466.76 399.24 303.63 216.46 148.3 101.14 69.227
2056 0.898 4.7135 23.925 95.094 258.86 431.76 471.16 402.41 306.13 219.8 151.7 101.79 68.357
2057 0.894 4.7003 23.9 95.053 258.64 433.28 476.26 407.98 310.04 222.71 154.9 104.69 69.149
2058 0.891 4.6775 23.817 94.839 257.89 430.94 474.55 408.59 311.04 223.06 155.1 105.62 70.301
2059 0.891 4.6615 23.705 94.482 256.92 428.22 469.3 404.08 308.85 221.76 153.9 104.82 70.259
2060 0.892 4.6599 23.638 94.12 256.23 427.11 466.91 400.15 305.87 220.52 153.3 104.16 69.829
2061 0.892 4.6644 23.634 93.918 255.64 426.95 467.14 399.58 304.13 219.32 153.1 104.16 69.696
2062 0.891 4.6646 23.652 93.906 255.22 426.39 467.53 400.3 304.12 218.39 152.5 104.18 69.799
2063 0.89 4.6595 23.648 93.96 255.17 425.72 466.9 400.55 304.58 218.31 151.8 103.73 69.788
2064 0.89 4.654 23.624 93.959 255.36 425.78 466.42 400.25 304.95 218.77 151.8 103.32 69.529
2065 0.889 4.6512 23.601 93.895 255.49 426.46 467.06 400.45 305.24 219.42 152.4 103.52 69.374
2066 0.889 4.6505 23.588 93.819 255.39 426.84 468.01 401.21 305.56 219.75 152.9 103.98 69.554
2067 0.889 4.6503 23.583 93.759 255.14 426.49 468.07 401.61 305.78 219.71 153 104.22 69.774
2068 0.889 4.6494 23.579 93.721 254.91 425.87 467.33 401.25 305.73 219.6 152.7 104.12 69.845
2069 0.889 4.648 23.573 93.698 254.79 425.45 466.59 400.54 305.38 219.5 152.6 103.94 69.755
2070 0.889 4.6463 23.565 93.678 254.76 425.35 466.28 400.05 304.96 219.34 152.6 103.9 69.667
2071 0.888 4.6445 23.557 93.655 254.74 425.38 466.3 399.92 304.7 219.13 152.6 103.94 69.668
2072 0.888 4.6429 23.548 93.629 254.7 425.41 466.39 399.98 304.64 218.97 152.4 103.92 69.703
2073 0.888 4.6422 23.542 93.604 254.66 425.41 466.49 400.12 304.73 218.96 152.3 103.84 69.698
2074 0.888 4.6423 23.539 93.585 254.62 425.41 466.58 400.29 304.91 219.07 152.4 103.81 69.665
2075 0.888 4.6428 23.54 93.576 254.58 425.38 466.62 400.4 305.06 219.22 152.5 103.84 69.648
2076 0.888 4.6431 23.542 93.576 254.55 425.29 466.55 400.39 305.11 219.3 152.6 103.89 69.657
2077 0.888 4.643 23.543 93.579 254.53 425.19 466.38 400.25 305.03 219.28 152.6 103.92 69.674
2078 0.888 4.6427 23.542 93.58 254.53 425.13 466.23 400.06 304.88 219.2 152.5 103.91 69.682
2079 0.888 4.6423 23.54 93.577 254.53 425.13 466.17 399.94 304.75 219.09 152.5 103.89 69.681
2080 0.888 4.6421 23.539 93.573 254.54 425.16 466.21 399.93 304.69 219.02 152.4 103.87 69.677
2081 0.888 4.642 23.538 93.57 254.54 425.2 466.29 400.02 304.73 219.02 152.4 103.85 69.672
2082 0.888 4.6419 23.538 93.568 254.54 425.23 466.37 400.13 304.83 219.07 152.4 103.84 69.668
2083 0.888 4.6418 23.537 93.566 254.53 425.24 466.41 400.21 304.92 219.15 152.5 103.86 69.667
2084 0.888 4.6416 23.536 93.563 254.53 425.22 466.41 400.23 304.97 219.2 152.5 103.88 69.671
2085 0.888 4.6415 23.535 93.559 254.51 425.2 466.37 400.19 304.95 219.21 152.5 103.9 69.68
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2086 0.888 4.6414 23.534 93.554 254.5 425.16 466.31 400.13 304.9 219.19 152.5 103.91 69.687
2087 0.888 4.6414 23.534 93.551 254.49 425.13 466.26 400.06 304.84 219.14 152.5 103.9 69.688
2088 0.888 4.6414 23.534 93.55 254.48 425.11 466.22 400.02 304.79 219.09 152.5 103.88 69.681
2089 0.888 4.6414 23.534 93.551 254.48 425.1 466.22 400 304.77 219.06 152.4 103.86 69.672
2090 0.888 4.6413 23.534 93.551 254.48 425.12 466.23 400.02 304.77 219.06 152.4 103.85 69.664
2091 0.888 4.6413 23.534 93.552 254.49 425.13 466.26 400.05 304.8 219.08 152.4 103.85 69.66
2092 0.888 4.6411 23.533 93.551 254.49 425.15 466.29 400.08 304.83 219.1 152.4 103.85 69.661
2093 0.888 4.641 23.533 93.549 254.49 425.15 466.3 400.11 304.85 219.12 152.5 103.86 69.666
2094 0.888 4.6409 23.532 93.547 254.48 425.15 466.3 400.11 304.87 219.14 152.5 103.87 69.671
2095 0.888 4.6409 23.532 93.544 254.48 425.13 466.29 400.11 304.87 219.14 152.5 103.88 69.676
2096 0.888 4.6408 23.531 93.542 254.47 425.12 466.27 400.09 304.85 219.14 152.5 103.88 69.678
2097 0.888 4.6408 23.531 93.541 254.46 425.11 466.25 400.07 304.84 219.12 152.5 103.88 69.678
2098 0.888 4.6407 23.531 93.539 254.46 425.1 466.24 400.05 304.82 219.11 152.5 103.87 69.677
2099 0.888 4.6407 23.531 93.539 254.46 425.09 466.23 400.04 304.81 219.1 152.5 103.87 69.673
2100 0.888 4.6407 23.53 93.538 254.46 425.09 466.23 400.03 304.8 219.09 152.5 103.86 69.67
2101 0.888 4.6407 23.53 93.538 254.46 425.09 466.23 400.04 304.8 219.09 152.4 103.86 69.668
2102 0.888 4.6407 23.53 93.538 254.46 425.1 466.24 400.05 304.81 219.09 152.4 103.86 69.667
2103 0.888 4.6407 23.531 93.538 254.46 425.1 466.24 400.05 304.82 219.1 152.5 103.86 69.667
2104 0.888 4.6408 23.531 93.539 254.46 425.1 466.25 400.06 304.82 219.11 152.5 103.86 69.668
2105 0.888 4.6409 23.531 93.541 254.46 425.1 466.25 400.06 304.83 219.11 152.5 103.87 69.67
2106 0.888 4.6411 23.532 93.542 254.46 425.1 466.25 400.06 304.83 219.11 152.5 103.87 69.672
2107 0.888 4.6412 23.533 93.545 254.47 425.11 466.25 400.06 304.83 219.12 152.5 103.87 69.674
2108 0.888 4.6414 23.534 93.548 254.47 425.11 466.25 400.06 304.83 219.12 152.5 103.87 69.676
2109 0.888 4.6416 23.535 93.552 254.48 425.12 466.26 400.06 304.83 219.11 152.5 103.87 69.676
2110 0.888 4.6419 23.536 93.556 254.49 425.13 466.26 400.06 304.83 219.11 152.5 103.87 69.676
2111 0.888 4.6422 23.537 93.561 254.5 425.14 466.27 400.07 304.83 219.11 152.5 103.87 69.676
2112 0.888 4.6425 23.539 93.567 254.51 425.15 466.28 400.07 304.83 219.11 152.5 103.87 69.675
2113 0.888 4.6428 23.541 93.573 254.53 425.17 466.29 400.08 304.83 219.11 152.5 103.87 69.675
2114 0.888 4.6431 23.542 93.579 254.54 425.19 466.3 400.08 304.84 219.12 152.5 103.87 69.675
2115 0.888 4.6435 23.544 93.586 254.56 425.2 466.31 400.09 304.84 219.12 152.5 103.87 69.675
2116 0.889 4.6438 23.546 93.593 254.57 425.22 466.33 400.1 304.85 219.12 152.5 103.87 69.675
2117 0.889 4.6442 23.548 93.601 254.59 425.25 466.35 400.12 304.86 219.13 152.5 103.88 69.677
2118 0.889 4.6446 23.55 93.608 254.61 425.27 466.37 400.13 304.87 219.14 152.5 103.88 69.679
2119 0.889 4.6449 23.552 93.616 254.62 425.29 466.39 400.15 304.88 219.15 152.5 103.88 69.681
2120 0.889 4.6453 23.554 93.624 254.64 425.32 466.41 400.17 304.9 219.16 152.5 103.89 69.684
2121 0.889 4.6456 23.556 93.631 254.66 425.34 466.44 400.19 304.91 219.17 152.5 103.89 69.688
2122 0.889 4.6459 23.558 93.638 254.68 425.36 466.46 400.2 304.92 219.18 152.5 103.9 69.691
2123 0.889 4.6462 23.559 93.644 254.69 425.38 466.48 400.22 304.94 219.19 152.5 103.9 69.694
2124 0.889 4.6464 23.561 93.65 254.71 425.4 466.49 400.23 304.94 219.19 152.5 103.91 69.696
2125 0.889 4.6466 23.562 93.655 254.72 425.42 466.51 400.24 304.95 219.2 152.5 103.91 69.698
2126 0.889 4.6468 23.563 93.659 254.73 425.43 466.52 400.25 304.96 219.2 152.5 103.91 69.7
2127 0.889 4.6468 23.563 93.662 254.74 425.45 466.53 400.26 304.96 219.2 152.5 103.91 69.7
2128 0.889 4.6469 23.564 93.664 254.74 425.46 466.54 400.26 304.96 219.2 152.5 103.91 69.7
2129 0.889 4.6468 23.564 93.664 254.74 425.46 466.54 400.26 304.96 219.2 152.5 103.91 69.697
2130 0.889 4.6467 23.563 93.662 254.74 425.45 466.52 400.23 304.93 219.18 152.5 103.9 69.69
2131 0.889 4.6465 23.562 93.659 254.73 425.42 466.47 400.18 304.89 219.14 152.5 103.88 69.676
2132 0.889 4.6462 23.561 93.653 254.71 425.38 466.4 400.1 304.8 219.07 152.4 103.84 69.651
2133 0.889 4.6458 23.559 93.645 254.69 425.31 466.3 399.97 304.68 218.97 152.4 103.79 69.613
2134 0.889 4.6453 23.556 93.635 254.65 425.24 466.17 399.82 304.54 218.85 152.3 103.71 69.564
2135 0.889 4.6447 23.553 93.624 254.62 425.17 466.06 399.67 304.38 218.71 152.1 103.63 69.507
2136 0.888 4.644 23.55 93.612 254.59 425.12 465.99 399.57 304.27 218.6 152 103.56 69.452
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2137 0.888 4.6432 23.546 93.6 254.57 425.11 465.98 399.56 304.24 218.55 152 103.51 69.413
2138 0.888 4.6423 23.542 93.587 254.56 425.14 466.07 399.67 304.32 218.59 152 103.51 69.402
2139 0.888 4.6413 23.537 93.574 254.55 425.2 466.22 399.86 304.49 218.72 152.1 103.55 69.423
2140 0.888 4.6402 23.532 93.557 254.53 425.24 466.36 400.06 304.7 218.89 152.2 103.63 69.466
2141 0.888 4.639 23.525 93.534 254.48 425.18 466.35 400.11 304.79 219 152.3 103.69 69.503
2142 0.887 4.6377 23.518 93.501 254.38 424.96 466.04 399.82 304.59 218.88 152.2 103.66 69.482
2143 0.887 4.6364 23.509 93.459 254.22 424.57 465.43 399.15 304.01 218.46 152 103.48 69.372
2144 0.887 4.6349 23.5 93.412 254.03 424.06 464.56 398.13 303.08 217.73 151.4 103.14 69.15
2145 0.887 4.6333 23.491 93.363 253.83 423.52 463.61 396.95 301.93 216.77 150.7 102.65 68.826
2146 0.886 4.6316 23.482 93.323 253.69 423.15 462.92 396.02 300.93 215.87 150 102.13 68.472
2147 0.886 4.6298 23.474 93.304 253.69 423.25 463.07 396.02 300.72 215.53 149.7 101.82 68.245
2148 0.886 4.628 23.469 93.321 253.94 424.16 464.66 397.73 302.06 216.39 150.1 102.07 68.372
2149 0.885 4.6261 23.466 93.374 254.44 425.99 468.02 401.65 305.54 219 151.9 103.19 69.074
2150 0.885 4.6242 23.464 93.441 255.06 428.32 472.49 407.2 310.81 223.22 154.9 105.23 70.393
2151 0.885 4.622 23.455 93.457 255.41 429.89 475.93 412.01 315.89 227.67 158.3 107.63 71.979
2152 0.885 4.6194 23.434 93.333 254.91 428.75 474.71 411.74 316.8 229.24 160 108.94 72.907
2153 0.885 4.6163 23.392 92.97 252.89 422.6 464.49 400.84 308.07 223.38 156.4 106.83 71.628
2154 0.885 4.6125 23.324 92.288 248.8 409.47 441.42 374.32 284.52 205.47 144 98.609 66.296
2155 0.885 4.6072 23.226 91.251 242.35 388.44 403.95 330.33 244.22 173.55 120.8 82.737 55.755
2156 0.884 4.5997 23.099 89.89 233.77 360.42 354.35 272.54 191.28 131.16 89.52 60.815 40.942
 
 
 
Table 4: spawning stock biomass of herring at different ages (in million tons) over the time horizon (2006—2156)
All herrings at age 0 to 2 are immature over the time horizon 
 
ssb3 ssb4 ssb5 ssb6 ssb7 ssb8 ssb9 ssb10 ssb11 ssb12 ssb13 ssb14 ssb15 ssb16
0.1566 0.2714 0.3604 0.5809 0.3333 0.1341 0.0736 0.0559 0.131 0.04 0.0328 0.0271 0.0162 0.0094
0.3378 0.2482 0.3422 0.5251 0.5547 0.3122 0.121 0.0669 0.05 0.1129 0.0348 0.0288 0.0233 0.0139
0.1423 0.5323 0.3158 0.4992 0.502 0.5196 0.2818 0.1099 0.0599 0.0431 0.0984 0.0306 0.0248 0.0201
0.154 0.2243 0.675 0.4611 0.4777 0.4702 0.469 0.256 0.0984 0.0516 0.0375 0.0864 0.0263 0.0214
0.1768 0.2428 0.2847 0.9877 0.4414 0.4474 0.4244 0.426 0.2291 0.0848 0.0449 0.033 0.0744 0.0227
0.1926 0.2788 0.3084 0.4165 0.947 0.4135 0.4038 0.3856 0.3813 0.1975 0.0738 0.0395 0.0284 0.064
0.2047 0.3037 0.3547 0.4514 0.3994 0.887 0.3732 0.3669 0.3451 0.3286 0.172 0.0649 0.034 0.0244
0.2192 0.3226 0.3867 0.5192 0.4329 0.3741 0.8006 0.339 0.3283 0.2974 0.2862 0.1511 0.0558 0.0292
0.2263 0.3454 0.4113 0.5663 0.498 0.4055 0.3377 0.7273 0.3034 0.283 0.259 0.2514 0.13 0.0481
0.2322 0.3565 0.441 0.6026 0.5433 0.4664 0.3659 0.3068 0.651 0.2615 0.2465 0.2276 0.2164 0.1119
0.2398 0.3657 0.4556 0.6463 0.5783 0.5089 0.421 0.3325 0.2746 0.561 0.2278 0.2165 0.1959 0.1863
0.2479 0.3777 0.4679 0.668 0.6204 0.5417 0.4593 0.3825 0.2976 0.2366 0.4886 0.2001 0.1864 0.1686
0.2553 0.3903 0.4835 0.6861 0.6413 0.5811 0.4889 0.4172 0.3423 0.2565 0.2061 0.4293 0.1722 0.1604
0.2609 0.402 0.5 0.7092 0.6588 0.6007 0.5245 0.4441 0.3734 0.295 0.2233 0.181 0.3695 0.1482
0.2648 0.4106 0.5153 0.7336 0.6812 0.6171 0.5422 0.4765 0.3975 0.3219 0.2569 0.1962 0.1558 0.318
0.2699 0.417 0.5269 0.7564 0.7047 0.638 0.557 0.4926 0.4265 0.3426 0.2803 0.2257 0.1689 0.1341
0.2753 0.4248 0.5351 0.7733 0.7266 0.6601 0.5759 0.506 0.4409 0.3675 0.2984 0.2463 0.1943 0.1454
0.2811 0.4331 0.5455 0.7856 0.7431 0.6806 0.5958 0.5232 0.4529 0.38 0.3201 0.2621 0.212 0.1672
0.2824 0.4421 0.5565 0.801 0.755 0.696 0.6143 0.5413 0.4682 0.3903 0.3309 0.2812 0.2256 0.1824
0.2891 0.4443 0.5684 0.8174 0.77 0.7072 0.6282 0.5581 0.4844 0.4036 0.3399 0.2907 0.242 0.1942
0.2952 0.4547 0.5715 0.8351 0.7859 0.7212 0.6383 0.5707 0.4995 0.4175 0.3515 0.2986 0.2502 0.2083
0.3004 0.4642 0.5852 0.8397 0.803 0.7361 0.6509 0.5799 0.5108 0.4305 0.3636 0.3088 0.257 0.2154
0.3051 0.4723 0.5978 0.86 0.8076 0.7521 0.6644 0.5914 0.519 0.4402 0.3749 0.3195 0.2658 0.2212
0.3096 0.4797 0.6086 0.8785 0.8272 0.7564 0.6788 0.6036 0.5293 0.4473 0.3834 0.3294 0.275 0.2287
55
  
0.3136 0.4866 0.6183 0.8945 0.8451 0.7748 0.6827 0.6167 0.5402 0.4562 0.3896 0.3368 0.2835 0.2367
0.3175 0.4929 0.6275 0.909 0.8606 0.7916 0.6993 0.6202 0.552 0.4656 0.3973 0.3423 0.2899 0.244
0.3214 0.499 0.6358 0.9226 0.8747 0.8061 0.7145 0.6353 0.5551 0.4757 0.4055 0.349 0.2946 0.2495
0.3251 0.5051 0.644 0.935 0.8879 0.8193 0.7276 0.6491 0.5686 0.4784 0.4143 0.3562 0.3004 0.2535
0.3287 0.5109 0.652 0.9471 0.8998 0.8316 0.7395 0.661 0.5809 0.4901 0.4167 0.364 0.3066 0.2586
0.336 0.3521 0.4217 0.5529 0.3383 0.3022 0.2628 0.2352 0.2071 0.1753 0.1494 0.1281 0.1097 0.0924
0.3385 0.5305 0.4497 0.6165 0.5294 0.3168 0.2727 0.2387 0.2105 0.1785 0.1527 0.1313 0.1103 0.0944
0.3428 0.5338 0.6792 0.6579 0.5906 0.4959 0.286 0.2478 0.2137 0.1814 0.1554 0.1341 0.113 0.0949
0.209 0.5392 0.6849 0.9952 0.6306 0.5532 0.4475 0.2598 0.2218 0.1841 0.158 0.1366 0.1154 0.0972
0.2267 0.3287 0.6906 1.0045 0.955 0.5907 0.4993 0.4066 0.2325 0.1911 0.1604 0.1388 0.1175 0.0994
0.2451 0.3566 0.4212 1.0138 0.9648 0.8945 0.5331 0.4536 0.3639 0.2004 0.1665 0.1409 0.1195 0.1012
0.2612 0.3857 0.4573 0.6183 0.9744 0.9037 0.8074 0.4844 0.406 0.3136 0.1745 0.1462 0.1213 0.1028
0.2737 0.4109 0.495 0.6713 0.5943 0.9127 0.8157 0.7335 0.4335 0.3499 0.2731 0.1533 0.1259 0.1044
0.2836 0.4305 0.5277 0.7267 0.6452 0.5566 0.8237 0.741 0.6565 0.3736 0.3047 0.24 0.132 0.1083
0.2888 0.446 0.5533 0.775 0.6986 0.6044 0.5024 0.7484 0.6632 0.5658 0.3254 0.2677 0.2065 0.1136
0.2941 0.4541 0.5736 0.8128 0.7451 0.6543 0.5455 0.4564 0.6698 0.5716 0.4928 0.2859 0.2304 0.1778
0.2999 0.4625 0.5844 0.8428 0.7816 0.6979 0.5906 0.4956 0.4085 0.5773 0.4978 0.4329 0.246 0.1983
0.3057 0.4715 0.5956 0.8588 0.8105 0.7321 0.6299 0.5365 0.4435 0.3521 0.5027 0.4373 0.3726 0.2118
0.3114 0.4802 0.6069 0.8745 0.8247 0.7579 0.6596 0.5713 0.4794 0.3816 0.3061 0.4409 0.3758 0.3202
0.3157 0.4841 0.6112 0.8788 0.8225 0.755 0.6683 0.5855 0.4995 0.4036 0.3247 0.2627 0.3708 0.316
0.3196 0.4964 0.6241 0.8984 0.8454 0.7704 0.6814 0.6072 0.524 0.4305 0.3515 0.2853 0.2261 0.3191
0.3231 0.5025 0.6401 0.9175 0.8643 0.7918 0.6953 0.619 0.5434 0.4516 0.375 0.3088 0.2455 0.1946
0.3204 0.5078 0.6481 0.9411 0.8827 0.8095 0.7147 0.6317 0.554 0.4684 0.3933 0.3294 0.2658 0.2113
0.3225 0.5028 0.6543 0.9514 0.9033 0.8247 0.7288 0.6477 0.564 0.4763 0.4069 0.3447 0.2828 0.2282
0.325 0.5007 0.6402 0.9468 0.8938 0.8255 0.726 0.6458 0.5654 0.4741 0.4046 0.3486 0.2893 0.2374
0.3307 0.504 0.6365 0.9248 0.8872 0.8146 0.7247 0.6416 0.5622 0.474 0.4016 0.3457 0.2919 0.2422
0.335 0.5147 0.6435 0.9239 0.8729 0.8148 0.7208 0.6454 0.5629 0.475 0.4046 0.3459 0.2917 0.2463
0.3345 0.5225 0.6588 0.9369 0.876 0.8054 0.7242 0.6448 0.5689 0.4777 0.4074 0.3501 0.2932 0.2473
0.3333 0.5215 0.6686 0.9586 0.8873 0.8072 0.715 0.6471 0.5677 0.4822 0.4092 0.352 0.2964 0.2482
0.3337 0.5186 0.6657 0.9701 0.9042 0.8142 0.7136 0.6362 0.5673 0.4792 0.4113 0.3521 0.2967 0.2498
0.3351 0.5185 0.6611 0.9643 0.9127 0.8275 0.7178 0.6333 0.5562 0.4776 0.4076 0.353 0.2961 0.2495
0.3363 0.5207 0.6611 0.9577 0.9074 0.8354 0.7296 0.6371 0.5537 0.4683 0.4063 0.3499 0.2968 0.2489
0.3368 0.5229 0.6643 0.9585 0.9023 0.8317 0.7377 0.6485 0.5578 0.4669 0.399 0.3492 0.2946 0.2499
0.3368 0.524 0.6676 0.9639 0.904 0.8279 0.7351 0.6563 0.5684 0.4708 0.3982 0.3433 0.2944 0.2483
0.3367 0.5238 0.669 0.9687 0.9091 0.8295 0.7318 0.654 0.5752 0.4797 0.4016 0.3426 0.2893 0.2481
0.337 0.5236 0.6686 0.9703 0.9132 0.8336 0.7327 0.6507 0.5729 0.4852 0.4089 0.3453 0.2886 0.2437
0.3375 0.5238 0.668 0.9693 0.914 0.8367 0.7358 0.651 0.5695 0.4829 0.4133 0.3513 0.2906 0.2429
0.338 0.5243 0.6679 0.9678 0.912 0.8365 0.7377 0.653 0.5692 0.4795 0.4108 0.3547 0.2954 0.2444
0.3384 0.5249 0.6683 0.9672 0.9099 0.8341 0.737 0.6542 0.5705 0.4788 0.4076 0.3523 0.298 0.2482
0.3388 0.5255 0.669 0.9675 0.9092 0.832 0.7347 0.6534 0.5714 0.4798 0.407 0.3495 0.2959 0.2503
0.3389 0.5261 0.6699 0.9688 0.9098 0.8316 0.7331 0.6516 0.5709 0.4808 0.408 0.349 0.2936 0.2486
0.3388 0.5264 0.6708 0.9703 0.9113 0.8325 0.733 0.6505 0.5696 0.4805 0.4089 0.35 0.2934 0.2468
0.3387 0.5263 0.6712 0.9717 0.9128 0.834 0.7339 0.6504 0.5686 0.4794 0.4087 0.3509 0.2942 0.2466
0.3386 0.5261 0.6711 0.9721 0.914 0.8352 0.735 0.6511 0.5685 0.4785 0.4077 0.3507 0.2949 0.2473
0.3386 0.5259 0.6707 0.9719 0.9143 0.8362 0.736 0.652 0.569 0.4784 0.4069 0.3498 0.2947 0.2478
0.3388 0.526 0.6704 0.9713 0.914 0.8364 0.7368 0.6529 0.5698 0.4788 0.4068 0.349 0.2939 0.2477
0.3389 0.5262 0.6705 0.9709 0.9134 0.8361 0.7371 0.6536 0.5705 0.4794 0.4071 0.3489 0.2933 0.247
0.3389 0.5263 0.6708 0.9711 0.9131 0.8356 0.7368 0.6538 0.5711 0.4801 0.4077 0.3492 0.2932 0.2465
0.3389 0.5263 0.671 0.9714 0.9133 0.8353 0.7364 0.6536 0.5713 0.4806 0.4082 0.3497 0.2935 0.2464
0.3389 0.5263 0.671 0.9717 0.9136 0.8354 0.7361 0.6532 0.5711 0.4807 0.4086 0.3501 0.2939 0.2466
0.3389 0.5264 0.671 0.9717 0.9138 0.8357 0.7361 0.6529 0.5707 0.4805 0.4087 0.3505 0.2942 0.2469
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0.339 0.5264 0.671 0.9717 0.9138 0.8358 0.7363 0.6529 0.5704 0.4802 0.4086 0.3506 0.2945 0.2472
0.339 0.5265 0.671 0.9717 0.9137 0.8358 0.7365 0.6531 0.5705 0.48 0.4083 0.3504 0.2946 0.2475
0.339 0.5265 0.6711 0.9718 0.9137 0.8358 0.7365 0.6532 0.5706 0.48 0.4081 0.3502 0.2944 0.2475
0.339 0.5266 0.6712 0.9719 0.9139 0.8358 0.7365 0.6532 0.5707 0.4801 0.4081 0.35 0.2942 0.2474
0.339 0.5266 0.6713 0.9721 0.914 0.836 0.7365 0.6532 0.5708 0.4802 0.4082 0.35 0.2941 0.2473
0.339 0.5266 0.6713 0.9722 0.9142 0.8361 0.7367 0.6533 0.5708 0.4803 0.4083 0.3502 0.2942 0.2472
0.3391 0.5266 0.6713 0.9722 0.9143 0.8363 0.7368 0.6534 0.5709 0.4803 0.4084 0.3503 0.2943 0.2472
0.3391 0.5266 0.6713 0.9722 0.9143 0.8364 0.7369 0.6535 0.571 0.4804 0.4084 0.3503 0.2943 0.2473
0.3391 0.5266 0.6714 0.9722 0.9143 0.8364 0.737 0.6537 0.5711 0.4805 0.4085 0.3503 0.2944 0.2473
0.3391 0.5267 0.6714 0.9723 0.9144 0.8364 0.7371 0.6537 0.5712 0.4806 0.4085 0.3504 0.2944 0.2474
0.3391 0.5267 0.6714 0.9723 0.9144 0.8364 0.7371 0.6538 0.5712 0.4806 0.4086 0.3504 0.2944 0.2474
0.3392 0.5267 0.6715 0.9724 0.9144 0.8364 0.7371 0.6538 0.5713 0.4807 0.4087 0.3505 0.2945 0.2474
0.3392 0.5268 0.6715 0.9724 0.9144 0.8365 0.7371 0.6537 0.5713 0.4807 0.4087 0.3505 0.2945 0.2474
0.3392 0.5268 0.6715 0.9724 0.9145 0.8365 0.737 0.6537 0.5712 0.4807 0.4087 0.3505 0.2945 0.2475
0.3392 0.5268 0.6715 0.9725 0.9145 0.8365 0.737 0.6537 0.5712 0.4806 0.4087 0.3505 0.2946 0.2475
0.3392 0.5268 0.6715 0.9725 0.9145 0.8364 0.737 0.6537 0.5712 0.4806 0.4086 0.3505 0.2945 0.2475
0.3392 0.5268 0.6715 0.9724 0.9144 0.8364 0.737 0.6536 0.5711 0.4805 0.4086 0.3504 0.2945 0.2475
0.3392 0.5268 0.6715 0.9724 0.9143 0.8363 0.7369 0.6535 0.571 0.4805 0.4085 0.3504 0.2944 0.2474
0.3392 0.5268 0.6715 0.9723 0.9143 0.8362 0.7368 0.6534 0.5709 0.4804 0.4084 0.3503 0.2944 0.2473
0.3392 0.5268 0.6714 0.9723 0.9142 0.8361 0.7366 0.6533 0.5708 0.4803 0.4083 0.3502 0.2943 0.2473
0.3392 0.5267 0.6714 0.9722 0.914 0.8359 0.7365 0.6531 0.5706 0.4801 0.4082 0.3501 0.2942 0.2472
0.3391 0.5267 0.6713 0.972 0.9139 0.8357 0.7363 0.6529 0.5705 0.4799 0.408 0.35 0.2941 0.2471
0.3391 0.5266 0.6712 0.9719 0.9137 0.8355 0.7361 0.6527 0.5702 0.4798 0.4079 0.3498 0.2939 0.247
0.3391 0.5265 0.6711 0.9717 0.9135 0.8353 0.7358 0.6525 0.57 0.4795 0.4077 0.3496 0.2938 0.2469
0.339 0.5265 0.671 0.9715 0.9132 0.8351 0.7356 0.6522 0.5698 0.4793 0.4075 0.3495 0.2936 0.2467
0.339 0.5264 0.6709 0.9713 0.913 0.8348 0.7353 0.6519 0.5695 0.4791 0.4073 0.3492 0.2934 0.2465
0.3389 0.5263 0.6707 0.971 0.9127 0.8345 0.735 0.6517 0.5692 0.4788 0.407 0.349 0.2932 0.2464
0.3388 0.5262 0.6706 0.9708 0.9124 0.8342 0.7347 0.6514 0.5689 0.4785 0.4068 0.3488 0.293 0.2462
0.3388 0.526 0.6704 0.9705 0.9121 0.8339 0.7344 0.651 0.5686 0.4783 0.4065 0.3486 0.2928 0.246
0.3387 0.5259 0.6702 0.9702 0.9118 0.8336 0.7341 0.6507 0.5683 0.478 0.4063 0.3483 0.2926 0.2458
0.3386 0.5258 0.67 0.9699 0.9115 0.8332 0.7337 0.6504 0.568 0.4777 0.406 0.3481 0.2924 0.2456
0.3385 0.5256 0.6698 0.9696 0.9112 0.8329 0.7334 0.6501 0.5677 0.4774 0.4057 0.3479 0.2922 0.2454
0.3384 0.5255 0.6697 0.9693 0.9109 0.8326 0.7331 0.6498 0.5674 0.4772 0.4055 0.3476 0.292 0.2453
0.3384 0.5254 0.6695 0.969 0.9106 0.8323 0.7328 0.6495 0.5672 0.4769 0.4053 0.3474 0.2918 0.2451
0.3383 0.5252 0.6693 0.9688 0.9103 0.832 0.7326 0.6493 0.5669 0.4767 0.4051 0.3472 0.2916 0.2449
0.3382 0.5251 0.6691 0.9685 0.91 0.8318 0.7323 0.649 0.5667 0.4765 0.4049 0.347 0.2914 0.2448
0.3381 0.525 0.6689 0.9682 0.9098 0.8316 0.7321 0.6488 0.5665 0.4763 0.4047 0.3469 0.2913 0.2446
0.338 0.5248 0.6688 0.968 0.9096 0.8314 0.732 0.6487 0.5664 0.4762 0.4046 0.3467 0.2912 0.2445
0.3379 0.5247 0.6686 0.9678 0.9094 0.8312 0.7318 0.6486 0.5662 0.4761 0.4045 0.3466 0.2911 0.2444
0.3379 0.5246 0.6685 0.9677 0.9093 0.8311 0.7318 0.6485 0.5662 0.476 0.4044 0.3466 0.291 0.2444
0.3378 0.5246 0.6684 0.9675 0.9092 0.8311 0.7317 0.6485 0.5662 0.476 0.4044 0.3466 0.291 0.2443
0.3378 0.5245 0.6684 0.9675 0.9092 0.8311 0.7318 0.6485 0.5662 0.476 0.4044 0.3466 0.291 0.2443
0.3377 0.5245 0.6683 0.9675 0.9092 0.8312 0.7319 0.6486 0.5663 0.4761 0.4045 0.3466 0.291 0.2444
0.3377 0.5244 0.6683 0.9675 0.9093 0.8313 0.732 0.6488 0.5665 0.4763 0.4046 0.3468 0.2911 0.2444
0.3377 0.5245 0.6684 0.9676 0.9095 0.8315 0.7323 0.649 0.5667 0.4765 0.4048 0.3469 0.2913 0.2446
0.3377 0.5245 0.6684 0.9677 0.9097 0.8318 0.7326 0.6494 0.567 0.4768 0.4051 0.3471 0.2915 0.2447
0.3378 0.5246 0.6686 0.968 0.91 0.8322 0.733 0.6497 0.5674 0.4771 0.4054 0.3474 0.2917 0.2449
0.3378 0.5247 0.6687 0.9683 0.9104 0.8326 0.7334 0.6502 0.5679 0.4775 0.4057 0.3478 0.292 0.2452
0.3379 0.5248 0.6689 0.9686 0.9109 0.8331 0.734 0.6508 0.5684 0.478 0.4062 0.3482 0.2923 0.2455
0.338 0.525 0.6692 0.9691 0.9115 0.8338 0.7346 0.6514 0.569 0.4786 0.4067 0.3486 0.2927 0.2458
0.3381 0.5252 0.6695 0.9696 0.9121 0.8345 0.7353 0.6521 0.5697 0.4792 0.4073 0.3491 0.2932 0.2462
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0.3382 0.5254 0.6699 0.9702 0.9128 0.8353 0.7362 0.653 0.5705 0.4799 0.4079 0.3497 0.2937 0.2467
0.3384 0.5257 0.6703 0.971 0.9137 0.8362 0.7371 0.6539 0.5714 0.4807 0.4086 0.3504 0.2943 0.2472
0.3386 0.526 0.6708 0.9717 0.9146 0.8372 0.7381 0.6548 0.5723 0.4816 0.4094 0.3511 0.2949 0.2477
0.3388 0.5264 0.6713 0.9726 0.9156 0.8383 0.7392 0.6559 0.5733 0.4825 0.4103 0.3519 0.2956 0.2483
0.339 0.5268 0.6719 0.9736 0.9167 0.8394 0.7403 0.6571 0.5745 0.4835 0.4112 0.3527 0.2963 0.249
0.3393 0.5272 0.6725 0.9747 0.9179 0.8407 0.7416 0.6584 0.5757 0.4846 0.4122 0.3536 0.2971 0.2497
0.3396 0.5277 0.6732 0.9758 0.9192 0.8421 0.743 0.6597 0.5769 0.4858 0.4133 0.3546 0.298 0.2504
0.3399 0.5282 0.674 0.977 0.9206 0.8435 0.7444 0.6611 0.5783 0.487 0.4144 0.3556 0.2989 0.2512
0.3402 0.5288 0.6748 0.9784 0.9221 0.8451 0.746 0.6626 0.5797 0.4883 0.4156 0.3567 0.2999 0.2521
0.3406 0.5294 0.6757 0.9798 0.9236 0.8467 0.7476 0.6642 0.5813 0.4897 0.4168 0.3578 0.3009 0.253
0.341 0.53 0.6766 0.9812 0.9253 0.8484 0.7493 0.6659 0.5828 0.4912 0.4182 0.359 0.302 0.2539
0.3414 0.5307 0.6776 0.9828 0.927 0.8502 0.751 0.6676 0.5845 0.4927 0.4195 0.3603 0.3031 0.2549
0.3418 0.5314 0.6786 0.9845 0.9288 0.8521 0.7529 0.6694 0.5862 0.4943 0.421 0.3616 0.3043 0.256
0.3422 0.5322 0.6797 0.9862 0.9307 0.8541 0.7548 0.6713 0.588 0.4959 0.4225 0.363 0.3055 0.257
0.3427 0.5329 0.6808 0.9881 0.9327 0.8561 0.7568 0.6733 0.5899 0.4976 0.424 0.3644 0.3067 0.2582
0.3432 0.5338 0.682 0.9899 0.9348 0.8582 0.7589 0.6753 0.5919 0.4994 0.4256 0.3659 0.3081 0.2593
0.3437 0.5346 0.6832 0.9919 0.9369 0.8604 0.7611 0.6774 0.5939 0.5012 0.4273 0.3674 0.3094 0.2605
0.3443 0.5355 0.6845 0.9939 0.9391 0.8627 0.7633 0.6796 0.5959 0.503 0.429 0.3689 0.3108 0.2617
0.3448 0.5364 0.6858 0.996 0.9413 0.865 0.7655 0.6818 0.598 0.5049 0.4307 0.3705 0.3122 0.263
0.3454 0.5374 0.6871 0.9981 0.9436 0.8673 0.7678 0.684 0.6001 0.5069 0.4325 0.3722 0.3137 0.2643
0.346 0.5384 0.6885 1.0003 0.9459 0.8697 0.7701 0.6863 0.6023 0.5089 0.4343 0.3738 0.3151 0.2656
0.3466 0.5393 0.6899 1.0025 0.9483 0.8721 0.7725 0.6886 0.6045 0.5108 0.4361 0.3755 0.3166 0.2669
0.3472 0.5404 0.6913 1.0048 0.9507 0.8746 0.7749 0.6909 0.6067 0.5128 0.438 0.3772 0.3182 0.2683
0.3479 0.5414 0.6928 1.007 0.9531 0.877 0.7772 0.6931 0.6088 0.5148 0.4398 0.3789 0.3197 0.2696
0.3485 0.5424 0.6942 1.0093 0.9554 0.8794 0.7795 0.6954 0.611 0.5168 0.4416 0.3805 0.3211 0.271
 
 
 
Table 5: revenue of harvesting cod at different ages over the time horizon 
 
year cod3 cod4 cod5 cod6 cod7 cod8 cod9
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2009 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2010 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2011 5.05E+07 1.86E+08 6.21E+08 1.68E+09 6.59E+09 6.98E+09 1.05E+10
2012 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2013 3.45E+07 1.36E+08 4.76E+08 1.23E+09 2.25E+09 2.93E+09 5.35E+09
2014 4.71E+07 1.85E+08 6.61E+08 1.72E+09 3.02E+09 3.63E+09 3.28E+09
2015 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2016 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2017 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2018 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2019 4.59E+07 1.72E+08 6.50E+08 1.90E+09 4.06E+09 6.74E+09 8.64E+09
2020 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2021 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2022 3.39E+07 1.27E+08 4.57E+08 1.27E+09 2.62E+09 4.11E+09 4.73E+09
2023 3.46E+07 1.34E+08 4.72E+08 1.27E+09 2.40E+09 3.17E+09 3.36E+09
2024 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2025 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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2026 1.16E+07 4.42E+07 1.59E+08 4.45E+08 9.59E+08 1.44E+09 1.60E+09
2027 3.70E+07 1.41E+08 5.17E+08 1.44E+09 2.94E+09 4.58E+09 5.32E+09
2028 1.28E+07 4.68E+07 1.68E+08 4.59E+08 8.56E+08 1.09E+09 1.08E+09
2029 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2030 1.22E+07 4.56E+07 1.62E+08 4.49E+08 9.46E+08 1.42E+09 1.53E+09
2031 3.37E+07 1.29E+08 4.60E+08 1.28E+09 2.57E+09 3.90E+09 4.49E+09
2032 1.96E+07 7.23E+07 2.61E+08 7.03E+08 1.32E+09 1.69E+09 1.70E+09
2033 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2034 1.95E+07 7.26E+07 2.57E+08 7.19E+08 1.51E+09 2.18E+09 2.29E+09
2035 1.10E+07 4.16E+07 1.48E+08 4.05E+08 8.05E+08 1.17E+09 1.25E+09
2036 3.08E+07 1.15E+08 4.16E+08 1.16E+09 2.32E+09 3.33E+09 3.73E+09
2037 1.49E+07 5.42E+07 1.92E+08 5.28E+08 1.00E+09 1.30E+09 1.26E+09
2038 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2039 1.79E+07 6.54E+07 2.36E+08 6.62E+08 1.38E+09 2.07E+09 2.26E+09
2040 2.72E+07 9.92E+07 3.46E+08 9.63E+08 1.91E+09 2.77E+09 3.09E+09
2041 2.10E+07 7.69E+07 2.64E+08 6.98E+08 1.34E+09 1.77E+09 1.80E+09
2042 7.24E+06 2.72E+07 9.36E+07 2.47E+08 4.64E+08 6.17E+08 5.99E+08
2043 1.65E+07 6.35E+07 2.26E+08 6.10E+08 1.19E+09 1.65E+09 1.73E+09
2044 2.17E+07 8.34E+07 3.03E+08 8.32E+08 1.61E+09 2.24E+09 2.35E+09
2045 2.00E+07 7.55E+07 2.74E+08 7.64E+08 1.47E+09 1.97E+09 2.01E+09
2046 1.58E+07 5.89E+07 2.11E+08 5.89E+08 1.16E+09 1.55E+09 1.53E+09
2047 1.41E+07 5.27E+07 1.87E+08 5.18E+08 1.04E+09 1.44E+09 1.45E+09
2048 1.77E+07 6.64E+07 2.36E+08 6.50E+08 1.30E+09 1.86E+09 1.97E+09
2049 1.94E+07 7.25E+07 2.59E+08 7.13E+08 1.40E+09 1.97E+09 2.09E+09
2050 1.75E+07 6.51E+07 2.32E+08 6.39E+08 1.25E+09 1.70E+09 1.76E+09
2051 1.68E+07 6.23E+07 2.21E+08 6.09E+08 1.20E+09 1.65E+09 1.67E+09
2052 1.68E+07 6.26E+07 2.22E+08 6.11E+08 1.21E+09 1.67E+09 1.72E+09
2053 1.76E+07 6.52E+07 2.32E+08 6.38E+08 1.26E+09 1.75E+09 1.81E+09
2054 1.74E+07 6.43E+07 2.29E+08 6.30E+08 1.24E+09 1.71E+09 1.77E+09
2055 1.66E+07 6.16E+07 2.18E+08 6.01E+08 1.19E+09 1.64E+09 1.68E+09
2056 1.64E+07 6.08E+07 2.16E+08 5.93E+08 1.17E+09 1.63E+09 1.68E+09
2057 1.68E+07 6.24E+07 2.21E+08 6.10E+08 1.20E+09 1.68E+09 1.74E+09
2058 1.71E+07 6.35E+07 2.26E+08 6.22E+08 1.23E+09 1.71E+09 1.78E+09
2059 1.71E+07 6.31E+07 2.24E+08 6.18E+08 1.22E+09 1.69E+09 1.75E+09
2060 1.69E+07 6.24E+07 2.21E+08 6.09E+08 1.20E+09 1.67E+09 1.73E+09
2061 1.69E+07 6.23E+07 2.20E+08 6.06E+08 1.20E+09 1.66E+09 1.72E+09
2062 1.69E+07 6.23E+07 2.21E+08 6.07E+08 1.20E+09 1.66E+09 1.72E+09
2063 1.68E+07 6.22E+07 2.20E+08 6.06E+08 1.20E+09 1.66E+09 1.72E+09
2064 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2065 1.67E+07 6.17E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2066 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2067 1.68E+07 6.21E+07 2.20E+08 6.05E+08 1.20E+09 1.66E+09 1.72E+09
2068 1.68E+07 6.21E+07 2.20E+08 6.06E+08 1.20E+09 1.66E+09 1.72E+09
2069 1.68E+07 6.20E+07 2.20E+08 6.05E+08 1.19E+09 1.66E+09 1.72E+09
2070 1.68E+07 6.20E+07 2.20E+08 6.04E+08 1.19E+09 1.66E+09 1.71E+09
2071 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.66E+09 1.71E+09
2072 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2073 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2074 1.68E+07 6.18E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2075 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2076 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.72E+09
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2077 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.72E+09
2078 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2079 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2080 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2081 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2082 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2083 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2084 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2085 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2086 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2087 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2088 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2089 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2090 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2091 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2092 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2093 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2094 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2095 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2096 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2097 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2098 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2099 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2100 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2101 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2102 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2103 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2104 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2105 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2106 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2107 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2108 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2109 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2110 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2111 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2112 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2113 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2114 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2115 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2116 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2117 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2118 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2119 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2120 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2121 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2122 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2123 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2124 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2125 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2126 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2127 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
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2128 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2129 1.68E+07 6.19E+07 2.19E+08 6.04E+08 1.19E+09 1.66E+09 1.71E+09
2130 1.68E+07 6.20E+07 2.19E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2131 1.68E+07 6.20E+07 2.20E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2132 1.68E+07 6.20E+07 2.20E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2133 1.68E+07 6.20E+07 2.20E+08 6.05E+08 1.19E+09 1.66E+09 1.72E+09
2134 1.68E+07 6.20E+07 2.20E+08 6.05E+08 1.19E+09 1.66E+09 1.72E+09
2135 1.68E+07 6.20E+07 2.20E+08 6.05E+08 1.19E+09 1.66E+09 1.72E+09
2136 1.68E+07 6.20E+07 2.20E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2137 1.68E+07 6.20E+07 2.19E+08 6.04E+08 1.19E+09 1.65E+09 1.71E+09
2138 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2139 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2140 1.68E+07 6.19E+07 2.19E+08 6.03E+08 1.19E+09 1.65E+09 1.71E+09
2141 1.68E+07 6.20E+07 2.20E+08 6.04E+08 1.19E+09 1.66E+09 1.72E+09
2142 1.68E+07 6.21E+07 2.20E+08 6.06E+08 1.20E+09 1.66E+09 1.72E+09
2143 1.69E+07 6.24E+07 2.21E+08 6.08E+08 1.20E+09 1.67E+09 1.73E+09
2144 1.70E+07 6.25E+07 2.21E+08 6.09E+08 1.20E+09 1.67E+09 1.73E+09
2145 1.70E+07 6.26E+07 2.22E+08 6.10E+08 1.20E+09 1.67E+09 1.73E+09
2146 1.69E+07 6.23E+07 2.21E+08 6.07E+08 1.20E+09 1.66E+09 1.72E+09
2147 1.67E+07 6.16E+07 2.18E+08 6.00E+08 1.18E+09 1.64E+09 1.70E+09
2148 1.64E+07 6.04E+07 2.14E+08 5.89E+08 1.16E+09 1.62E+09 1.67E+09
2149 1.61E+07 5.93E+07 2.10E+08 5.78E+08 1.14E+09 1.59E+09 1.65E+09
2150 1.60E+07 5.89E+07 2.09E+08 5.75E+08 1.14E+09 1.59E+09 1.66E+09
2151 1.63E+07 6.02E+07 2.13E+08 5.89E+08 1.17E+09 1.63E+09 1.71E+09
2152 1.75E+07 6.44E+07 2.28E+08 6.30E+08 1.25E+09 1.74E+09 1.82E+09
2153 1.96E+07 7.23E+07 2.56E+08 7.04E+08 1.39E+09 1.93E+09 2.00E+09
2154 2.28E+07 8.40E+07 2.97E+08 8.12E+08 1.59E+09 2.17E+09 2.21E+09
2155 2.69E+07 9.89E+07 3.48E+08 9.47E+08 1.83E+09 2.43E+09 2.39E+09
2156 3.15E+07 1.16E+08 4.06E+08 1.09E+09 2.06E+09 2.64E+09 2.45E+09
Con.t 
year cod10 cod11 cod12 cod13 cod14 cod15 
sum 
(cod3-15)
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2009 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2010 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2011 1.36E+10 1.59E+10 1.03E+10 4.12E+09 1.85E+09 1.00E+09 7.34E+10
2012 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2013 2.94E+09 2.73E+09 2.60E+09 2.57E+09 1.52E+09 5.73E+08 2.53E+10
2014 4.66E+09 2.22E+09 1.92E+09 1.75E+09 1.68E+09 9.76E+08 2.58E+10
2015 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2016 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2017 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2018 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2019 8.98E+09 7.52E+09 5.11E+09 2.90E+09 1.54E+09 1.57E+09 4.98E+10
2020 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2021 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2022 4.21E+09 3.34E+09 2.49E+09 1.85E+09 1.27E+09 7.73E+08 2.73E+10
2023 2.94E+09 2.23E+09 1.62E+09 1.16E+09 8.33E+08 5.64E+08 2.02E+10
2024 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2025 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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2026 1.36E+09 9.69E+08 6.81E+08 4.67E+08 3.08E+08 2.06E+08 8.66E+09
2027 5.00E+09 3.87E+09 2.61E+09 1.78E+09 1.19E+09 7.75E+08 3.02E+10
2028 9.07E+08 7.03E+08 4.90E+08 3.13E+08 2.06E+08 1.35E+08 6.47E+09
2029 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2030 1.30E+09 1.02E+09 7.38E+08 5.27E+08 3.48E+08 2.14E+08 8.71E+09
2031 4.09E+09 3.16E+09 2.33E+09 1.64E+09 1.15E+09 7.47E+08 2.60E+10
2032 1.45E+09 1.11E+09 7.85E+08 5.51E+08 3.76E+08 2.58E+08 1.03E+10
2033 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2034 1.89E+09 1.44E+09 1.05E+09 7.36E+08 4.89E+08 3.30E+08 1.30E+10
2035 1.08E+09 7.92E+08 5.65E+08 3.98E+08 2.72E+08 1.78E+08 7.11E+09
2036 3.37E+09 2.63E+09 1.84E+09 1.27E+09 8.77E+08 5.90E+08 2.17E+10
2037 1.07E+09 8.28E+08 5.93E+08 3.95E+08 2.65E+08 1.80E+08 7.69E+09
2038 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2039 1.93E+09 1.45E+09 1.06E+09 7.50E+08 5.09E+08 3.27E+08 1.27E+10
2040 2.77E+09 2.12E+09 1.49E+09 1.06E+09 7.30E+08 4.87E+08 1.79E+10
2041 1.58E+09 1.23E+09 8.74E+08 5.91E+08 4.08E+08 2.77E+08 1.09E+10
2042 4.98E+08 3.90E+08 2.86E+08 1.96E+08 1.29E+08 8.77E+07 3.64E+09
2043 1.44E+09 1.10E+09 8.20E+08 5.84E+08 3.91E+08 2.54E+08 1.01E+10
2044 2.05E+09 1.54E+09 1.11E+09 8.00E+08 5.57E+08 3.67E+08 1.39E+10
2045 1.71E+09 1.33E+09 9.39E+08 6.52E+08 4.59E+08 3.14E+08 1.20E+10
2046 1.28E+09 9.75E+08 7.11E+08 4.85E+08 3.29E+08 2.27E+08 9.12E+09
2047 1.20E+09 9.05E+08 6.52E+08 4.59E+08 3.06E+08 2.04E+08 8.43E+09
2048 1.66E+09 1.24E+09 8.88E+08 6.19E+08 4.27E+08 2.80E+08 1.12E+10
2049 1.83E+09 1.39E+09 9.77E+08 6.75E+08 4.60E+08 3.12E+08 1.22E+10
2050 1.54E+09 1.20E+09 8.57E+08 5.81E+08 3.93E+08 2.63E+08 1.05E+10
2051 1.43E+09 1.12E+09 8.25E+08 5.68E+08 3.76E+08 2.50E+08 1.00E+10
2052 1.45E+09 1.11E+09 8.21E+08 5.83E+08 3.93E+08 2.56E+08 1.01E+10
2053 1.54E+09 1.17E+09 8.45E+08 6.02E+08 4.18E+08 2.77E+08 1.06E+10
2054 1.51E+09 1.15E+09 8.22E+08 5.75E+08 4.00E+08 2.73E+08 1.04E+10
2055 1.44E+09 1.10E+09 7.91E+08 5.44E+08 3.72E+08 2.55E+08 9.91E+09
2056 1.43E+09 1.10E+09 7.93E+08 5.50E+08 3.70E+08 2.48E+08 9.86E+09
2057 1.49E+09 1.14E+09 8.26E+08 5.77E+08 3.91E+08 2.58E+08 1.02E+10
2058 1.53E+09 1.17E+09 8.46E+08 5.90E+08 4.03E+08 2.68E+08 1.04E+10
2059 1.50E+09 1.16E+09 8.38E+08 5.84E+08 3.98E+08 2.67E+08 1.03E+10
2060 1.48E+09 1.14E+09 8.25E+08 5.76E+08 3.92E+08 2.63E+08 1.02E+10
2061 1.47E+09 1.13E+09 8.18E+08 5.73E+08 3.91E+08 2.62E+08 1.01E+10
2062 1.47E+09 1.13E+09 8.15E+08 5.71E+08 3.91E+08 2.62E+08 1.01E+10
2063 1.47E+09 1.13E+09 8.14E+08 5.68E+08 3.89E+08 2.62E+08 1.01E+10
2064 1.46E+09 1.12E+09 8.12E+08 5.66E+08 3.86E+08 2.60E+08 1.01E+10
2065 1.46E+09 1.12E+09 8.13E+08 5.67E+08 3.86E+08 2.59E+08 1.01E+10
2066 1.47E+09 1.13E+09 8.17E+08 5.71E+08 3.89E+08 2.60E+08 1.01E+10
2067 1.48E+09 1.13E+09 8.19E+08 5.73E+08 3.91E+08 2.62E+08 1.01E+10
2068 1.48E+09 1.13E+09 8.19E+08 5.72E+08 3.91E+08 2.62E+08 1.01E+10
2069 1.47E+09 1.13E+09 8.18E+08 5.71E+08 3.90E+08 2.62E+08 1.01E+10
2070 1.47E+09 1.13E+09 8.17E+08 5.71E+08 3.89E+08 2.61E+08 1.01E+10
2071 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2072 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2073 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2074 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.88E+08 2.61E+08 1.01E+10
2075 1.47E+09 1.13E+09 8.16E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2076 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
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2077 1.47E+09 1.13E+09 8.17E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2078 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2079 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2080 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2081 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2082 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2083 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2084 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2085 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2086 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2087 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2088 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2089 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2090 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2091 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2092 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2093 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2094 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2095 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2096 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2097 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2098 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2099 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2100 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2101 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2102 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2103 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.89E+08 2.61E+08 1.01E+10
2104 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2105 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2106 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2107 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2108 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2109 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2110 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2111 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2112 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2113 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2114 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2115 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2116 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2117 1.47E+09 1.13E+09 8.15E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2118 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2119 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2120 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2121 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2122 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2123 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2124 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2125 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2126 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2127 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
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2128 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2129 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2130 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2131 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2132 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2133 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2134 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2135 1.47E+09 1.13E+09 8.16E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2136 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.88E+08 2.61E+08 1.01E+10
2137 1.47E+09 1.13E+09 8.14E+08 5.68E+08 3.88E+08 2.60E+08 1.01E+10
2138 1.47E+09 1.13E+09 8.14E+08 5.68E+08 3.87E+08 2.60E+08 1.01E+10
2139 1.47E+09 1.13E+09 8.14E+08 5.68E+08 3.87E+08 2.60E+08 1.01E+10
2140 1.47E+09 1.13E+09 8.15E+08 5.69E+08 3.88E+08 2.60E+08 1.01E+10
2141 1.47E+09 1.13E+09 8.17E+08 5.70E+08 3.89E+08 2.61E+08 1.01E+10
2142 1.47E+09 1.13E+09 8.19E+08 5.72E+08 3.90E+08 2.62E+08 1.01E+10
2143 1.48E+09 1.13E+09 8.20E+08 5.73E+08 3.91E+08 2.62E+08 1.02E+10
2144 1.48E+09 1.13E+09 8.20E+08 5.72E+08 3.91E+08 2.62E+08 1.02E+10
2145 1.47E+09 1.13E+09 8.17E+08 5.70E+08 3.89E+08 2.61E+08 1.02E+10
2146 1.46E+09 1.12E+09 8.10E+08 5.65E+08 3.86E+08 2.59E+08 1.01E+10
2147 1.45E+09 1.11E+09 8.00E+08 5.58E+08 3.80E+08 2.55E+08 9.97E+09
2148 1.43E+09 1.09E+09 7.89E+08 5.49E+08 3.74E+08 2.51E+08 9.82E+09
2149 1.41E+09 1.09E+09 7.83E+08 5.45E+08 3.71E+08 2.49E+08 9.70E+09
2150 1.42E+09 1.10E+09 7.93E+08 5.52E+08 3.76E+08 2.52E+08 9.74E+09
2151 1.48E+09 1.14E+09 8.28E+08 5.78E+08 3.94E+08 2.63E+08 1.01E+10
2152 1.58E+09 1.23E+09 8.92E+08 6.25E+08 4.26E+08 2.86E+08 1.08E+10
2153 1.73E+09 1.34E+09 9.76E+08 6.86E+08 4.69E+08 3.15E+08 1.19E+10
2154 1.87E+09 1.44E+09 1.04E+09 7.34E+08 5.04E+08 3.39E+08 1.31E+10
2155 1.95E+09 1.45E+09 1.04E+09 7.26E+08 4.98E+08 3.36E+08 1.41E+10
2156 1.88E+09 1.33E+09 9.19E+08 6.30E+08 4.29E+08 2.89E+08 1.43E+10
 
 
 
Table 6: revenue of harvesting herring at different ages over the time horizon  
The revenues of all herrings at age 0 to 2 are zero over the time horizon 
 
 
year herring3 herring4 herring5 herring6 herring7 herring8 herring9 herring10
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2009 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2010 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2011 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2012 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2013 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2014 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2015 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2016 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2017 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2018 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2019 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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2020 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2021 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2022 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2023 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2024 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2025 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2026 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2027 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2028 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2029 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2030 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2031 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2032 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2033 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2034 5.45E+08 8.47E+08 1.08E+09 1.57E+09 1.49E+09 1.38E+09 1.23E+09 1.10E+09
2035 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2036 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2037 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2038 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2039 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2040 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2041 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2042 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2043 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2044 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2045 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2046 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2047 1.31E+06 2.02E+06 2.56E+06 3.69E+06 3.48E+06 3.14E+06 2.70E+06 2.30E+06
2048 1.83E+07 2.82E+07 3.56E+07 5.14E+07 4.84E+07 4.45E+07 3.87E+07 3.36E+07
2049 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2050 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2051 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2052 2.05E+06 3.25E+06 4.15E+06 6.03E+06 5.65E+06 5.18E+06 4.58E+06 4.04E+06
2053 2.03E+07 3.16E+07 4.12E+07 5.99E+07 5.68E+07 5.19E+07 4.59E+07 4.07E+07
2054 2.26E+07 3.49E+07 4.46E+07 6.60E+07 6.23E+07 5.75E+07 5.06E+07 4.50E+07
2055 1.66E+07 2.54E+07 3.20E+07 4.65E+07 4.46E+07 4.10E+07 3.65E+07 3.23E+07
2056 1.30E+07 2.00E+07 2.50E+07 3.59E+07 3.39E+07 3.17E+07 2.80E+07 2.51E+07
2057 1.40E+07 2.19E+07 2.76E+07 3.93E+07 3.67E+07 3.37E+07 3.03E+07 2.70E+07
2058 1.75E+07 2.74E+07 3.51E+07 5.03E+07 4.66E+07 4.24E+07 3.75E+07 3.40E+07
2059 1.97E+07 3.07E+07 3.94E+07 5.74E+07 5.35E+07 4.81E+07 4.22E+07 3.76E+07
2060 1.97E+07 3.05E+07 3.89E+07 5.68E+07 5.37E+07 4.87E+07 4.23E+07 3.73E+07
2061 1.86E+07 2.88E+07 3.66E+07 5.30E+07 5.03E+07 4.63E+07 4.04E+07 3.53E+07
2062 1.78E+07 2.76E+07 3.51E+07 5.06E+07 4.76E+07 4.39E+07 3.89E+07 3.42E+07
2063 1.78E+07 2.77E+07 3.53E+07 5.09E+07 4.78E+07 4.37E+07 3.88E+07 3.47E+07
2064 1.83E+07 2.84E+07 3.63E+07 5.26E+07 4.93E+07 4.50E+07 3.97E+07 3.55E+07
2065 1.89E+07 2.94E+07 3.76E+07 5.46E+07 5.13E+07 4.69E+07 4.12E+07 3.66E+07
2066 1.99E+07 3.09E+07 3.94E+07 5.72E+07 5.39E+07 4.94E+07 4.34E+07 3.84E+07
2067 2.06E+07 3.20E+07 4.07E+07 5.90E+07 5.56E+07 5.10E+07 4.50E+07 3.98E+07
2068 2.08E+07 3.23E+07 4.11E+07 5.95E+07 5.60E+07 5.13E+07 4.53E+07 4.02E+07
2069 2.05E+07 3.19E+07 4.05E+07 5.86E+07 5.51E+07 5.04E+07 4.45E+07 3.96E+07
2070 2.02E+07 3.14E+07 4.00E+07 5.78E+07 5.43E+07 4.96E+07 4.38E+07 3.89E+07
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2071 2.02E+07 3.13E+07 3.99E+07 5.77E+07 5.42E+07 4.95E+07 4.36E+07 3.87E+07
2072 2.03E+07 3.15E+07 4.02E+07 5.81E+07 5.46E+07 4.99E+07 4.39E+07 3.89E+07
2073 2.04E+07 3.17E+07 4.04E+07 5.85E+07 5.50E+07 5.03E+07 4.43E+07 3.92E+07
2074 2.04E+07 3.17E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.44E+07 3.94E+07
2075 2.04E+07 3.17E+07 4.04E+07 5.86E+07 5.51E+07 5.05E+07 4.45E+07 3.94E+07
2076 2.04E+07 3.17E+07 4.04E+07 5.85E+07 5.51E+07 5.04E+07 4.44E+07 3.94E+07
2077 2.04E+07 3.17E+07 4.05E+07 5.86E+07 5.51E+07 5.04E+07 4.44E+07 3.94E+07
2078 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.95E+07
2079 2.05E+07 3.19E+07 4.06E+07 5.88E+07 5.53E+07 5.06E+07 4.46E+07 3.95E+07
2080 2.05E+07 3.19E+07 4.07E+07 5.89E+07 5.54E+07 5.06E+07 4.46E+07 3.96E+07
2081 2.05E+07 3.19E+07 4.07E+07 5.89E+07 5.54E+07 5.07E+07 4.46E+07 3.96E+07
2082 2.05E+07 3.19E+07 4.06E+07 5.88E+07 5.53E+07 5.06E+07 4.46E+07 3.96E+07
2083 2.05E+07 3.19E+07 4.06E+07 5.88E+07 5.53E+07 5.06E+07 4.46E+07 3.95E+07
2084 2.05E+07 3.18E+07 4.06E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.95E+07
2085 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.94E+07
2086 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.94E+07
2087 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.94E+07
2088 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.94E+07
2089 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.95E+07
2090 2.05E+07 3.18E+07 4.05E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.95E+07
2091 2.05E+07 3.18E+07 4.06E+07 5.87E+07 5.52E+07 5.05E+07 4.45E+07 3.95E+07
2092 2.05E+07 3.18E+07 4.06E+07 5.88E+07 5.53E+07 5.06E+07 4.46E+07 3.95E+07
2093 2.05E+07 3.19E+07 4.06E+07 5.88E+07 5.53E+07 5.06E+07 4.46E+07 3.96E+07
2094 2.06E+07 3.19E+07 4.07E+07 5.89E+07 5.54E+07 5.07E+07 4.47E+07 3.96E+07
2095 2.06E+07 3.20E+07 4.07E+07 5.90E+07 5.55E+07 5.08E+07 4.47E+07 3.97E+07
2096 2.06E+07 3.20E+07 4.08E+07 5.91E+07 5.56E+07 5.08E+07 4.48E+07 3.97E+07
2097 2.07E+07 3.21E+07 4.09E+07 5.92E+07 5.57E+07 5.09E+07 4.49E+07 3.98E+07
2098 2.07E+07 3.22E+07 4.10E+07 5.94E+07 5.58E+07 5.11E+07 4.50E+07 3.99E+07
2099 2.08E+07 3.22E+07 4.11E+07 5.95E+07 5.59E+07 5.12E+07 4.51E+07 4.00E+07
2100 2.08E+07 3.23E+07 4.12E+07 5.97E+07 5.61E+07 5.13E+07 4.52E+07 4.01E+07
2101 2.09E+07 3.24E+07 4.13E+07 5.98E+07 5.62E+07 5.14E+07 4.53E+07 4.02E+07
2102 2.09E+07 3.25E+07 4.14E+07 6.00E+07 5.64E+07 5.16E+07 4.54E+07 4.03E+07
2103 2.10E+07 3.26E+07 4.15E+07 6.02E+07 5.66E+07 5.17E+07 4.56E+07 4.04E+07
2104 2.11E+07 3.27E+07 4.17E+07 6.03E+07 5.67E+07 5.19E+07 4.57E+07 4.05E+07
2105 2.11E+07 3.28E+07 4.18E+07 6.05E+07 5.69E+07 5.20E+07 4.58E+07 4.06E+07
2106 2.12E+07 3.29E+07 4.19E+07 6.06E+07 5.70E+07 5.21E+07 4.59E+07 4.07E+07
2107 2.12E+07 3.30E+07 4.20E+07 6.08E+07 5.71E+07 5.22E+07 4.60E+07 4.08E+07
2108 2.13E+07 3.30E+07 4.21E+07 6.09E+07 5.73E+07 5.24E+07 4.61E+07 4.09E+07
2109 2.13E+07 3.31E+07 4.22E+07 6.11E+07 5.74E+07 5.25E+07 4.62E+07 4.10E+07
2110 2.13E+07 3.31E+07 4.22E+07 6.12E+07 5.75E+07 5.25E+07 4.63E+07 4.10E+07
2111 2.14E+07 3.32E+07 4.23E+07 6.12E+07 5.75E+07 5.26E+07 4.63E+07 4.11E+07
2112 2.14E+07 3.32E+07 4.23E+07 6.13E+07 5.76E+07 5.26E+07 4.64E+07 4.11E+07
2113 2.14E+07 3.32E+07 4.24E+07 6.13E+07 5.76E+07 5.27E+07 4.64E+07 4.11E+07
2114 2.14E+07 3.32E+07 4.24E+07 6.13E+07 5.76E+07 5.27E+07 4.64E+07 4.11E+07
2115 2.14E+07 3.32E+07 4.23E+07 6.13E+07 5.76E+07 5.26E+07 4.63E+07 4.11E+07
2116 2.14E+07 3.32E+07 4.23E+07 6.12E+07 5.75E+07 5.26E+07 4.63E+07 4.10E+07
2117 2.13E+07 3.31E+07 4.22E+07 6.11E+07 5.74E+07 5.25E+07 4.62E+07 4.09E+07
2118 2.13E+07 3.31E+07 4.21E+07 6.10E+07 5.73E+07 5.24E+07 4.61E+07 4.09E+07
2119 2.12E+07 3.30E+07 4.20E+07 6.08E+07 5.71E+07 5.22E+07 4.60E+07 4.07E+07
2120 2.12E+07 3.28E+07 4.19E+07 6.06E+07 5.69E+07 5.20E+07 4.58E+07 4.06E+07
2121 2.11E+07 3.27E+07 4.17E+07 6.03E+07 5.67E+07 5.18E+07 4.56E+07 4.04E+07
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2122 2.10E+07 3.26E+07 4.15E+07 6.00E+07 5.64E+07 5.16E+07 4.54E+07 4.03E+07
2123 2.09E+07 3.24E+07 4.13E+07 5.97E+07 5.61E+07 5.13E+07 4.52E+07 4.00E+07
2124 2.07E+07 3.22E+07 4.10E+07 5.94E+07 5.58E+07 5.10E+07 4.49E+07 3.98E+07
2125 2.06E+07 3.20E+07 4.07E+07 5.90E+07 5.54E+07 5.07E+07 4.46E+07 3.96E+07
2126 2.04E+07 3.17E+07 4.04E+07 5.85E+07 5.50E+07 5.03E+07 4.43E+07 3.93E+07
2127 2.03E+07 3.15E+07 4.01E+07 5.81E+07 5.46E+07 4.99E+07 4.40E+07 3.90E+07
2128 2.01E+07 3.12E+07 3.98E+07 5.76E+07 5.41E+07 4.95E+07 4.36E+07 3.87E+07
2129 1.99E+07 3.09E+07 3.94E+07 5.70E+07 5.36E+07 4.91E+07 4.32E+07 3.83E+07
2130 1.97E+07 3.06E+07 3.90E+07 5.65E+07 5.31E+07 4.86E+07 4.28E+07 3.80E+07
2131 1.95E+07 3.03E+07 3.86E+07 5.59E+07 5.26E+07 4.81E+07 4.24E+07 3.76E+07
2132 1.93E+07 2.99E+07 3.82E+07 5.53E+07 5.20E+07 4.76E+07 4.19E+07 3.72E+07
2133 1.90E+07 2.96E+07 3.77E+07 5.46E+07 5.14E+07 4.70E+07 4.15E+07 3.68E+07
2134 1.88E+07 2.92E+07 3.73E+07 5.40E+07 5.08E+07 4.65E+07 4.10E+07 3.64E+07
2135 1.86E+07 2.88E+07 3.68E+07 5.33E+07 5.02E+07 4.59E+07 4.05E+07 3.59E+07
2136 1.83E+07 2.84E+07 3.63E+07 5.26E+07 4.95E+07 4.53E+07 4.00E+07 3.55E+07
2137 1.81E+07 2.81E+07 3.58E+07 5.19E+07 4.88E+07 4.47E+07 3.95E+07 3.50E+07
2138 1.78E+07 2.76E+07 3.53E+07 5.11E+07 4.82E+07 4.41E+07 3.89E+07 3.46E+07
2139 1.75E+07 2.72E+07 3.48E+07 5.04E+07 4.75E+07 4.35E+07 3.84E+07 3.41E+07
2140 1.73E+07 2.68E+07 3.42E+07 4.96E+07 4.68E+07 4.29E+07 3.79E+07 3.36E+07
2141 1.70E+07 2.64E+07 3.37E+07 4.89E+07 4.61E+07 4.23E+07 3.73E+07 3.31E+07
2142 1.67E+07 2.60E+07 3.32E+07 4.81E+07 4.54E+07 4.16E+07 3.67E+07 3.27E+07
2143 1.64E+07 2.56E+07 3.26E+07 4.73E+07 4.46E+07 4.09E+07 3.62E+07 3.21E+07
2144 1.62E+07 2.51E+07 3.21E+07 4.65E+07 4.39E+07 4.03E+07 3.56E+07 3.16E+07
2145 1.59E+07 2.47E+07 3.15E+07 4.57E+07 4.32E+07 3.96E+07 3.50E+07 3.11E+07
2146 1.56E+07 2.42E+07 3.10E+07 4.49E+07 4.24E+07 3.89E+07 3.44E+07 3.06E+07
2147 1.53E+07 2.38E+07 3.04E+07 4.42E+07 4.17E+07 3.83E+07 3.39E+07 3.01E+07
2148 1.50E+07 2.34E+07 2.99E+07 4.34E+07 4.10E+07 3.76E+07 3.33E+07 2.96E+07
2149 1.48E+07 2.30E+07 2.94E+07 4.26E+07 4.03E+07 3.70E+07 3.28E+07 2.92E+07
2150 1.45E+07 2.26E+07 2.89E+07 4.19E+07 3.96E+07 3.64E+07 3.22E+07 2.87E+07
2151 1.43E+07 2.22E+07 2.84E+07 4.12E+07 3.89E+07 3.58E+07 3.17E+07 2.82E+07
2152 1.40E+07 2.18E+07 2.79E+07 4.05E+07 3.83E+07 3.52E+07 3.12E+07 2.78E+07
2153 1.38E+07 2.15E+07 2.74E+07 3.99E+07 3.77E+07 3.47E+07 3.07E+07 2.74E+07
2154 1.36E+07 2.12E+07 2.71E+07 3.94E+07 3.73E+07 3.43E+07 3.04E+07 2.71E+07
2155 1.34E+07 2.09E+07 2.67E+07 3.89E+07 3.68E+07 3.39E+07 3.00E+07 2.68E+07
2156 1.41E+07 2.19E+07 2.80E+07 4.07E+07 3.86E+07 3.55E+07 3.15E+07 2.81E+07
Con.t 
year herring11 herring12 herring13 herring14 herring15 herring16 
sum 
(herring0-
16)
2006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2007 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2009 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2010 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2011 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2012 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2013 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2014 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2015 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2016 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2017 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2018 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
67
  
2019 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2020 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2021 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2022 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2023 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2024 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2025 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2026 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2027 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2028 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2029 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2030 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2031 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2032 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2033 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2034 9.63E+08 8.13E+08 6.91E+08 6.04E+08 5.08E+08 4.29E+08 1.32E+10
2035 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2036 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2037 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2038 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2039 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2040 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2041 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2042 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2043 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2044 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2045 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2046 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2047 1.90E+06 1.51E+06 2.16E+06 1.88E+06 1.60E+06 9.09E+05 3.12E+07
2048 2.82E+07 2.24E+07 1.80E+07 2.59E+07 2.21E+07 1.88E+07 4.34E+08
2049 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2050 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2051 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2052 3.55E+06 3.00E+06 2.52E+06 2.11E+06 1.70E+06 1.35E+06 4.92E+07
2053 3.55E+07 3.00E+07 2.56E+07 2.17E+07 1.78E+07 1.44E+07 4.93E+08
2054 3.94E+07 3.30E+07 2.82E+07 2.43E+07 2.02E+07 1.65E+07 5.45E+08
2055 2.83E+07 2.39E+07 2.02E+07 1.74E+07 1.47E+07 1.22E+07 3.92E+08
2056 2.19E+07 1.85E+07 1.57E+07 1.34E+07 1.13E+07 9.57E+06 3.03E+08
2057 2.38E+07 2.00E+07 1.71E+07 1.47E+07 1.23E+07 1.04E+07 3.29E+08
2058 2.98E+07 2.53E+07 2.15E+07 1.85E+07 1.56E+07 1.30E+07 4.14E+08
2059 3.35E+07 2.83E+07 2.43E+07 2.08E+07 1.75E+07 1.48E+07 4.68E+08
2060 3.27E+07 2.81E+07 2.40E+07 2.08E+07 1.74E+07 1.47E+07 4.66E+08
2061 3.07E+07 2.59E+07 2.25E+07 1.94E+07 1.64E+07 1.38E+07 4.38E+08
2062 2.94E+07 2.46E+07 2.11E+07 1.84E+07 1.56E+07 1.32E+07 4.18E+08
2063 3.00E+07 2.49E+07 2.10E+07 1.81E+07 1.55E+07 1.31E+07 4.19E+08
2064 3.12E+07 2.60E+07 2.18E+07 1.86E+07 1.57E+07 1.35E+07 4.32E+08
2065 3.22E+07 2.73E+07 2.30E+07 1.94E+07 1.62E+07 1.37E+07 4.48E+08
2066 3.36E+07 2.85E+07 2.44E+07 2.07E+07 1.71E+07 1.43E+07 4.71E+08
2067 3.47E+07 2.92E+07 2.50E+07 2.16E+07 1.80E+07 1.49E+07 4.87E+08
2068 3.51E+07 2.94E+07 2.51E+07 2.17E+07 1.83E+07 1.53E+07 4.91E+08
2069 3.46E+07 2.91E+07 2.47E+07 2.12E+07 1.79E+07 1.52E+07 4.84E+08
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2070 3.41E+07 2.87E+07 2.44E+07 2.08E+07 1.75E+07 1.48E+07 4.76E+08
2071 3.39E+07 2.86E+07 2.43E+07 2.08E+07 1.75E+07 1.47E+07 4.75E+08
2072 3.40E+07 2.87E+07 2.45E+07 2.10E+07 1.76E+07 1.48E+07 4.78E+08
2073 3.42E+07 2.88E+07 2.45E+07 2.11E+07 1.78E+07 1.49E+07 4.81E+08
2074 3.43E+07 2.89E+07 2.46E+07 2.11E+07 1.78E+07 1.50E+07 4.82E+08
2075 3.44E+07 2.89E+07 2.45E+07 2.11E+07 1.77E+07 1.49E+07 4.82E+08
2076 3.44E+07 2.89E+07 2.45E+07 2.10E+07 1.77E+07 1.49E+07 4.82E+08
2077 3.44E+07 2.90E+07 2.46E+07 2.11E+07 1.77E+07 1.49E+07 4.82E+08
2078 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.77E+07 1.49E+07 4.83E+08
2079 3.46E+07 2.91E+07 2.47E+07 2.12E+07 1.78E+07 1.49E+07 4.84E+08
2080 3.46E+07 2.91E+07 2.48E+07 2.12E+07 1.78E+07 1.50E+07 4.85E+08
2081 3.46E+07 2.91E+07 2.48E+07 2.12E+07 1.78E+07 1.50E+07 4.85E+08
2082 3.45E+07 2.91E+07 2.47E+07 2.12E+07 1.78E+07 1.50E+07 4.84E+08
2083 3.45E+07 2.90E+07 2.47E+07 2.12E+07 1.78E+07 1.50E+07 4.84E+08
2084 3.45E+07 2.90E+07 2.47E+07 2.12E+07 1.78E+07 1.50E+07 4.83E+08
2085 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.78E+07 1.49E+07 4.83E+08
2086 3.45E+07 2.90E+07 2.46E+07 2.11E+07 1.78E+07 1.49E+07 4.83E+08
2087 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.78E+07 1.49E+07 4.83E+08
2088 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.78E+07 1.49E+07 4.83E+08
2089 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.78E+07 1.49E+07 4.83E+08
2090 3.45E+07 2.90E+07 2.47E+07 2.12E+07 1.78E+07 1.49E+07 4.83E+08
2091 3.45E+07 2.90E+07 2.47E+07 2.12E+07 1.78E+07 1.49E+07 4.84E+08
2092 3.45E+07 2.91E+07 2.47E+07 2.12E+07 1.78E+07 1.50E+07 4.84E+08
2093 3.46E+07 2.91E+07 2.47E+07 2.12E+07 1.78E+07 1.50E+07 4.84E+08
2094 3.46E+07 2.91E+07 2.48E+07 2.12E+07 1.78E+07 1.50E+07 4.85E+08
2095 3.47E+07 2.92E+07 2.48E+07 2.13E+07 1.79E+07 1.50E+07 4.86E+08
2096 3.47E+07 2.92E+07 2.48E+07 2.13E+07 1.79E+07 1.50E+07 4.87E+08
2097 3.48E+07 2.93E+07 2.49E+07 2.13E+07 1.79E+07 1.51E+07 4.88E+08
2098 3.49E+07 2.93E+07 2.49E+07 2.14E+07 1.80E+07 1.51E+07 4.89E+08
2099 3.49E+07 2.94E+07 2.50E+07 2.14E+07 1.80E+07 1.51E+07 4.90E+08
2100 3.50E+07 2.95E+07 2.51E+07 2.15E+07 1.81E+07 1.52E+07 4.91E+08
2101 3.51E+07 2.95E+07 2.51E+07 2.15E+07 1.81E+07 1.52E+07 4.92E+08
2102 3.52E+07 2.96E+07 2.52E+07 2.16E+07 1.81E+07 1.52E+07 4.94E+08
2103 3.53E+07 2.97E+07 2.52E+07 2.17E+07 1.82E+07 1.53E+07 4.95E+08
2104 3.54E+07 2.98E+07 2.53E+07 2.17E+07 1.82E+07 1.53E+07 4.96E+08
2105 3.55E+07 2.98E+07 2.54E+07 2.18E+07 1.83E+07 1.54E+07 4.98E+08
2106 3.56E+07 2.99E+07 2.54E+07 2.18E+07 1.83E+07 1.54E+07 4.99E+08
2107 3.56E+07 3.00E+07 2.55E+07 2.19E+07 1.84E+07 1.54E+07 5.00E+08
2108 3.57E+07 3.00E+07 2.55E+07 2.19E+07 1.84E+07 1.55E+07 5.01E+08
2109 3.58E+07 3.01E+07 2.56E+07 2.19E+07 1.84E+07 1.55E+07 5.02E+08
2110 3.58E+07 3.01E+07 2.56E+07 2.20E+07 1.84E+07 1.55E+07 5.03E+08
2111 3.59E+07 3.02E+07 2.56E+07 2.20E+07 1.85E+07 1.55E+07 5.03E+08
2112 3.59E+07 3.02E+07 2.56E+07 2.20E+07 1.85E+07 1.55E+07 5.04E+08
2113 3.59E+07 3.02E+07 2.56E+07 2.20E+07 1.85E+07 1.55E+07 5.04E+08
2114 3.59E+07 3.02E+07 2.56E+07 2.20E+07 1.85E+07 1.55E+07 5.04E+08
2115 3.59E+07 3.02E+07 2.56E+07 2.20E+07 1.84E+07 1.55E+07 5.03E+08
2116 3.58E+07 3.01E+07 2.56E+07 2.19E+07 1.84E+07 1.55E+07 5.03E+08
2117 3.58E+07 3.01E+07 2.55E+07 2.19E+07 1.84E+07 1.54E+07 5.02E+08
2118 3.57E+07 3.00E+07 2.55E+07 2.18E+07 1.83E+07 1.54E+07 5.01E+08
2119 3.56E+07 2.99E+07 2.54E+07 2.18E+07 1.83E+07 1.54E+07 4.99E+08
2120 3.54E+07 2.98E+07 2.53E+07 2.17E+07 1.82E+07 1.53E+07 4.98E+08
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2121 3.53E+07 2.97E+07 2.52E+07 2.16E+07 1.81E+07 1.52E+07 4.96E+08
2122 3.51E+07 2.95E+07 2.51E+07 2.15E+07 1.81E+07 1.52E+07 4.93E+08
2123 3.50E+07 2.94E+07 2.50E+07 2.14E+07 1.80E+07 1.51E+07 4.91E+08
2124 3.48E+07 2.92E+07 2.48E+07 2.13E+07 1.79E+07 1.50E+07 4.88E+08
2125 3.45E+07 2.90E+07 2.47E+07 2.11E+07 1.78E+07 1.49E+07 4.85E+08
2126 3.43E+07 2.88E+07 2.45E+07 2.10E+07 1.76E+07 1.48E+07 4.81E+08
2127 3.40E+07 2.86E+07 2.43E+07 2.08E+07 1.75E+07 1.47E+07 4.77E+08
2128 3.38E+07 2.84E+07 2.41E+07 2.07E+07 1.74E+07 1.46E+07 4.73E+08
2129 3.35E+07 2.81E+07 2.39E+07 2.05E+07 1.72E+07 1.45E+07 4.69E+08
2130 3.32E+07 2.79E+07 2.37E+07 2.03E+07 1.71E+07 1.43E+07 4.65E+08
2131 3.28E+07 2.76E+07 2.35E+07 2.01E+07 1.69E+07 1.42E+07 4.60E+08
2132 3.25E+07 2.73E+07 2.32E+07 1.99E+07 1.67E+07 1.41E+07 4.55E+08
2133 3.21E+07 2.70E+07 2.30E+07 1.97E+07 1.66E+07 1.39E+07 4.50E+08
2134 3.18E+07 2.67E+07 2.27E+07 1.95E+07 1.64E+07 1.38E+07 4.45E+08
2135 3.14E+07 2.64E+07 2.25E+07 1.93E+07 1.62E+07 1.36E+07 4.39E+08
2136 3.10E+07 2.61E+07 2.22E+07 1.90E+07 1.60E+07 1.34E+07 4.34E+08
2137 3.06E+07 2.58E+07 2.19E+07 1.88E+07 1.58E+07 1.33E+07 4.28E+08
2138 3.02E+07 2.55E+07 2.17E+07 1.86E+07 1.56E+07 1.31E+07 4.22E+08
2139 2.98E+07 2.51E+07 2.14E+07 1.83E+07 1.54E+07 1.30E+07 4.16E+08
2140 2.94E+07 2.48E+07 2.11E+07 1.81E+07 1.52E+07 1.28E+07 4.11E+08
2141 2.90E+07 2.44E+07 2.08E+07 1.79E+07 1.50E+07 1.26E+07 4.05E+08
2142 2.86E+07 2.41E+07 2.05E+07 1.76E+07 1.48E+07 1.25E+07 3.98E+08
2143 2.81E+07 2.37E+07 2.02E+07 1.73E+07 1.46E+07 1.23E+07 3.92E+08
2144 2.77E+07 2.34E+07 1.99E+07 1.71E+07 1.44E+07 1.21E+07 3.86E+08
2145 2.73E+07 2.30E+07 1.96E+07 1.68E+07 1.42E+07 1.19E+07 3.79E+08
2146 2.68E+07 2.26E+07 1.93E+07 1.66E+07 1.40E+07 1.17E+07 3.73E+08
2147 2.64E+07 2.23E+07 1.90E+07 1.63E+07 1.37E+07 1.16E+07 3.67E+08
2148 2.60E+07 2.19E+07 1.87E+07 1.61E+07 1.35E+07 1.14E+07 3.61E+08
2149 2.56E+07 2.16E+07 1.84E+07 1.58E+07 1.33E+07 1.12E+07 3.55E+08
2150 2.52E+07 2.12E+07 1.81E+07 1.56E+07 1.31E+07 1.11E+07 3.49E+08
2151 2.48E+07 2.09E+07 1.78E+07 1.54E+07 1.29E+07 1.09E+07 3.43E+08
2152 2.44E+07 2.06E+07 1.76E+07 1.51E+07 1.28E+07 1.08E+07 3.38E+08
2153 2.40E+07 2.03E+07 1.73E+07 1.49E+07 1.26E+07 1.06E+07 3.33E+08
2154 2.38E+07 2.01E+07 1.72E+07 1.48E+07 1.25E+07 1.05E+07 3.29E+08
2155 2.35E+07 1.99E+07 1.70E+07 1.46E+07 1.23E+07 1.04E+07 3.25E+08
2156 2.47E+07 2.09E+07 1.78E+07 1.54E+07 1.30E+07 1.09E+07 3.41E+08
 
 
Case (2): same price of cod for all ages, same cost parameters for cod and herring, interest rate = 0.1 
 
Table 7: optimal harvesting effort of cod and herring, spawning stock biomass of cod (in thousand tons)  
and herring (in million tons), yearly discounted value (YDV) of cod and herring over the time horizon 
 
number year 
Effort of 
cod 
Effort of 
herring 
SSB of 
cod 
SSB of 
herring 
Yearly Discounted 
Value (YDV) of cod 
Yearly Discounted 
Value (YDV) of 
herring 
0 2006 0 0 1279.901 2.2226 0 0
1 2007 0 0 2211.92 2.7719 0 0
2 2008 331182.3 0 3391.726 3.1798 531516559.6 0
3 2009 15490992 0 4635.501 3.5089 21374519114 0
4 2010 11866280 0 3591.911 3.9201 12328980036 0
5 2011 12728785 0 3151.831 4.1307 10192497835 0
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6 2012 11396559 0 2694.856 4.3099 7169476203 0
7 2013 10842458 0 2401.557 4.5424 5545379882 0
8 2014 11409674 0 2209.282 4.7927 4793343341 0
9 2015 8623168 0 2053.786 5.0295 3279825110 0
10 2016 5509198 0 2137.843 5.2101 2166537362 0
11 2017 8741938 0 2457.246 5.3431 3338458458 0
12 2018 8878677 0 2492.496 5.5106 3110048943 0
13 2019 12741969 0 2488.37 5.6909 3662617591 0
14 2020 6732013 0 2185.424 5.8877 1778805479 0
15 2021 9743428 0 2364.745 5.9406 2361362795 0
16 2022 9552851 0 2295.454 6.1697 2045987720 0
17 2023 9942477 0 2248.486 6.3821 1873196555 0
18 2024 8432588 0 2186.662 6.5674 1457093978 0
19 2025 9485896 0 2240.126 6.7375 1489009058 0
20 2026 7237459 0 2215.457 6.8982 1081810524 0
21 2027 10599041 0 2348.035 7.0455 1406612228 0
22 2028 8807387 0 2219.59 7.1913 1045115841 0
23 2029 8638749 0 2233.676 7.3354 942690833.7 0
24 2030 7529347 0 2255.748 7.4753 777362075.5 0
25 2031 11080042 0 2349.564 7.6097 991730815.1 0
26 2032 9437727 0 2178.121 7.7389 736047318.1 0
27 2033 5300913 0 2150.57 7.8645 413717989.7 0
28 2034 12705939 85503793 2419.322 7.9874 846918306.3 199755943.8
29 2035 5152402 0 2126.319 1.8044 329281469.9 0
30 2036 12600769 0 2403.543 2.4779 690661935.3 0
31 2037 9646110 0 2116.986 3.2216 449569273 0
32 2038 5446285 0 2081.144 3.8742 253145866.9 0
33 2039 8222034 0 2338.934 4.3854 366941950 0
34 2040 10986771 0 2378.564 4.7927 422427362.5 0
35 2041 9928884 0 2220.11 4.9766 330798284.6 0
36 2042 6020098 0 2162.372 5.1858 197040950.2 0
37 2043 8776689 0 2392.037 5.4227 272352541.1 0
38 2044 10242835 0 2396.876 5.6734 279056120.3 0
39 2045 9739037 0 2303.653 5.9218 233737367.7 0
40 2046 8615236 0 2268.639 6.0972 190061771 0
41 2047 7706431 0 2315.834 6.265 161666604.3 0
42 2048 9144713 0 2412.318 6.4288 175497810.8 0
43 2049 10073953 0 2374.492 6.4671 168487171.5 0
44 2050 9153547 0 2270.41 6.529 135623831.3 0
45 2051 8981526 0 2250.035 6.6082 120345529.3 0
46 2052 8664081 0 2246.723 6.869 106244949.9 0
47 2053 9174236 2127118 2265.486 7.0873 101837118.5 215464.4374
48 2054 9123375 2570605 2244.593 7.1264 91222231.47 265246.5473
49 2055 8780614 1802038 2230.519 7.1193 79962817.76 165727.3494
50 2056 8703601 1372798 2242.353 7.1628 72618935.77 128754.6019
51 2057 8928012 1549918 2256.139 7.2358 67769861.07 156248.2727
52 2058 9092391 2037718 2249.77 7.3026 62266302.72 213130.6643
53 2059 9037657 2351265 2231.552 7.3376 55830990 238047.0114
54 2060 8935109 2368836 2219.902 7.3496 50017578.38 222566.533
55 2061 8899840 2253695 2217.223 7.3608 45267576.74 196168.4853
56 2062 8904402 2173455 2217.008 7.3826 41160903.56 178248.6123
71
  
57 2063 8887509 2192531 2215.951 7.4133 37343582.89 171567.2941
58 2064 8842993 2260717 2215.858 7.4439 33816049.42 168396.6104
59 2065 8818411 2342232 2218.63 7.4684 30717658.35 164309.3362
60 2066 8827642 2452450 2222.227 7.4878 27996165.25 160694.2933
61 2067 8829846 2527278 2223.834 7.5005 25474866.05 153174.462
62 2068 8806614 2544402 2224.198 7.5077 23115565.6 141568.0808
63 2069 8765017 2503037 2225.433 7.5109 20950427.17 127144.9744
64 2070 8723811 2459820 2228.841 7.5161 19008954.74 114382.257
65 2071 8686644 2444189 2234.018 7.5264 17268149.01 104729.6208
66 2072 8647372 2449222 2240.222 7.5392 15691219.41 97002.29902
67 2073 8604341 2454385 2247.253 7.5509 14258791.19 89704.22504
68 2074 8562034 2449869 2255.114 7.5607 12962790.02 82409.64228
69 2075 8522992 2437343 2263.524 7.5695 11790849.34 75360.41384
70 2076 8485007 2423878 2272.095 7.5789 10726399.39 68917.82483
71 2077 8444676 2413731 2280.704 7.5892 9755788.451 63178.55732
72 2078 8400797 2406367 2289.529 7.6 8870653.691 58010.20195
73 2079 8354686 2399230 2298.809 7.6107 8065514.188 53250.62214
74 2080 8308592 2390381 2308.626 7.6209 7334950.774 48811.28136
75 2081 8264268 2379482 2318.865 7.6307 6672643.643 44676.22215
76 2082 8222574 2367149 2329.299 7.6404 6071891.287 40855.31038
77 2083 8183603 2354141 2339.689 7.6502 5526270.789 37349.38506
78 2084 8146841 2341558 2349.845 7.6603 5029965.274 34156.25279
79 2085 8111475 2330136 2359.667 7.6707 4577937.103 31257.73059
80 2086 8076808 2320113 2369.142 7.6813 4165980.362 28625.23961
81 2087 8042630 2311146 2378.327 7.692 3790624.943 26223.37329
82 2088 8009259 2302858 2387.29 7.7025 3448888.44 24022.84956
83 2089 7977283 2295147 2396.064 7.7128 3138016.108 22004.568
84 2090 7947228 2288163 2404.628 7.7229 2855343.785 20155.68051
85 2091 7919364 2282095 2412.916 7.7329 2598300.003 18464.0898
86 2092 7893692 2277047 2420.85 7.7426 2364471.679 16916.77892
87 2093 7870024 2273019 2428.362 7.7521 2151660.716 15500.44367
88 2094 7848091 2269970 2435.416 7.7613 1957903.753 14202.85483
89 2095 7827631 2267870 2442.007 7.7701 1781459.927 13013.45038
90 2096 7808443 2266709 2448.155 7.7785 1620782.381 11923.05829
91 2097 7790413 2266477 2453.896 7.7865 1474484.33 10923.39594
92 2098 7773500 2267139 2459.266 7.7941 1341309.028 10006.76379
93 2099 7757712 2268636 2464.297 7.8012 1220106.919 9165.98209
94 2100 7743070 2270879 2469.008 7.8079 1109820.672 8394.44652
95 2101 7729575 2273762 2473.41 7.8141 1009477.113 7686.138642
96 2102 7717196 2277166 2477.507 7.8198 918182.879 7035.638521
97 2103 7705873 2280964 2481.304 7.8249 835121.3696 6438.087086
98 2104 7695521 2285032 2484.808 7.8296 759549.0705 5889.129616
99 2105 7686050 2289239 2488.029 7.8339 690790.6811 5384.831818
100 2106 7677373 2293455 2490.984 7.8376 628233.4445 4921.610754
101 2107 7669417 2297543 2493.692 7.841 571321 4496.188505
102 2108 7662121 2301365 2496.173 7.844 519547.5272 4105.568357
103 2109 7655435 2304784 2498.446 7.8466 472452.3901 3747.012982
104 2110 7649317 2307667 2500.529 7.849 429615.6315 3418.020652
105 2111 7643723 2309886 2502.439 7.8511 390654.2905 3116.29837
106 2112 7638607 2311320 2504.188 7.853 355219.1262 2839.737144
107 2113 7633920 2311854 2505.792 7.8548 322992.0058 2586.39139
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108 2114 7629615 2311381 2507.263 7.8565 293683.3079 2354.462328
109 2115 7625650 2309806 2508.614 7.8582 267029.575 2142.284804
110 2116 7621992 2307041 2509.856 7.8599 242791.2093 1948.315488
111 2117 7618624 2303012 2511 7.8618 220750.304 1771.121959
112 2118 7615539 2297653 2512.057 7.8639 200708.5443 1609.373474
113 2119 7612743 2290912 2513.03 7.8662 182485.3272 1461.832453
114 2120 7610238 2282745 2513.924 7.8688 165916.0472 1327.34843
115 2121 7608018 2273125 2514.74 7.8718 150850.6127 1204.852284
116 2122 7606057 2262033 2515.479 7.8752 137152.2604 1093.351467
117 2123 7604311 2249467 2516.141 7.8792 124696.5418 991.9254794
118 2124 7602733 2235441 2516.732 7.8836 113370.4708 899.7217156
119 2125 7601297 2219964 2517.257 7.8887 103071.7403 815.9446911
120 2126 7600037 2203055 2517.723 7.8944 93707.89671 739.8589158
121 2127 7599063 2184734 2518.132 7.9009 85195.18238 670.7849291
122 2128 7598586 2165042 2518.475 7.908 77457.6148 608.1006961
123 2129 7598882 2144027 2518.727 7.9159 70425.76359 551.2336585
124 2130 7600208 2121741 2518.847 7.9246 64035.54915 499.6577226
125 2131 7602637 2098252 2518.78 7.9342 58227.23078 452.8918201
126 2132 7605877 2073628 2518.48 7.9445 52944.92785 410.4950914
127 2133 7609152 2047944 2517.936 7.9558 48136.89538 372.0637904
128 2134 7611263 2021268 2517.204 7.9679 43756.56176 337.2284744
129 2135 7610891 1993664 2516.429 7.981 39763.64422 305.6515846
130 2136 7607072 1965236 2515.828 7.9949 36124.67342 277.0320277
131 2137 7600122 1936111 2515.646 8.0097 32813.79071 251.0980053
132 2138 7592243 1906455 2516.038 8.0254 29810.79637 227.6050349
133 2139 7587534 1876454 2516.937 8.042 27097.58293 206.3311319
134 2140 7591563 1846343 2517.945 8.0594 24655.20812 187.077372
135 2141 7609918 1815520 2518.291 8.0776 22460.44845 169.5818925
136 2142 7636559 1784001 2516.929 8.0967 20463.58572 153.6829139
137 2143 7668972 1751733 2513.545 8.1166 18638.95408 139.2280687
138 2144 7697603 1719375 2508.166 8.1373 16955.33823 126.1332901
139 2145 7705514 1686999 2501.633 8.1588 15382.71568 114.2680882
140 2146 7667928 1654680 2495.98 8.1811 13895.30484 103.5154653
141 2147 7564226 1622828 2494.745 8.2041 12488.14187 93.78958221
142 2148 7399581 1594744 2502.29 8.2277 11190.1528 85.16223299
143 2149 7235987 1568985 2521.629 8.2517 10074.38376 77.41689431
144 2150 7185936 1542791 2550.16 8.2759 9218.903134 70.32703689
145 2151 7395296 1518688 2576.331 8.3003 8673.608001 63.94949584
146 2152 8038570 1506490 2578.309 8.3248 8436.120002 58.58762842
147 2153 9267679 1476979 2525.39 8.3485 8373.654709 53.01064064
148 2154 11244016 1503494 2389.05 8.3728 8255.893786 49.81037387
149 2155 14125268 1490435 2156.603 8.3935 7799.896163 45.46529708
150 2156 17803468 6661303 1845.468 8.4139 6766.020346 187.0410455
 
 sum(YDV)
102,700,692,180.4
6 
204,202,969.
48 
Net Present Value 102,904,895,149.94 
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Case (3): same price of cod for all ages, different cost parameters for cod and herring, interest rate = 0.05 
 
Table 8: optimal harvesting effort of cod and herring, spawning stock biomass of cod (in thousand tons) 
 and herring (in million tons), yearly discounted value (YDV) of cod and herring over the time horizon 
 
number year 
Effort of 
cod 
Effort of 
herring 
SSB of 
cod 
SSB of 
herring 
Yearly Discounted 
Value (YDV) of cod 
Yearly Discounted 
Value (YDV) of 
herring 
0 2006 0 0 1279.901 2.2226 0 0
1 2007 0 0 2211.92 2.7719 0 0
2 2008 0 0 3391.726 3.1798 0 0
3 2009 0 0 4687.502 3.5089 0 0
4 2010 0 0 6039.71 3.9201 0 0
5 2011 31927203 0 7397.876 4.1307 52800052541 0
6 2012 0 0 2973.656 4.3099 0 0
7 2013 15376962 0 3747.16 4.5424 15851649702 0
8 2014 27572910 0 2681.125 4.7927 14054066438 0
9 2015 0 0 1523.703 5.0295 0 0
10 2016 0 0 2180.745 5.2101 0 0
11 2017 0 0 3008.784 5.3431 0 0
12 2018 0 0 3954.392 5.5106 0 0
13 2019 32137884 0 4952.045 5.6909 23242788386 0
14 2020 0 0 2174.417 5.8877 0 0
15 2021 0 0 2900.447 5.9406 0 0
16 2022 17261930 0 3711.379 6.1697 10895999514 0
17 2023 21719071 0 2568.082 6.3821 7785130690 0
18 2024 0 0 1715.639 6.5674 0 0
19 2025 0 0 2387.045 6.7375 0 0
20 2026 0 0 3186.838 6.8982 0 0
21 2027 19335045 0 4063.602 7.0455 10056941162 0
22 2028 15489428 0 2618.97 7.1913 5174221115 0
23 2029 0 0 2048.196 7.3354 0 0
24 2030 0 0 2739.125 7.4753 0 0
25 2031 25459969 0 3523.419 7.6097 8115957087 0
26 2032 0 0 1989.475 7.7389 0 0
27 2033 0 0 2677.441 7.8645 0 0
28 2034 17205367 0 3469.759 7.9874 5630835746 0
29 2035 0 0 2462.271 8.1063 0 0
30 2036 23634202 0 3189.286 8.2211 5496934565 0
31 2037 0 0 1922.206 8.3312 0 0
32 2038 0 0 2597.102 8.4402 0 0
33 2039 12093034 0 3371.939 8.5434 3394283433 0
34 2040 13741725 0 2792.087 8.6416 2865028266 0
35 2041 7733030 0 2255.615 8.7356 1413674939 0
36 2042 0 0 2286.932 8.8259 0 0
37 2043 9833657 0 2996.893 8.9127 2113093739 0
38 2044 12255382 0 2712.099 8.9964 2112625802 0
39 2045 9812694 45999241 2303.245 9.0767 1430533585 155417708.1
40 2046 3451195 0 2180.306 5.3098 534394425.4 0
41 2047 2838891 0 2564.05 5.736 507559449.7 0
42 2048 11970311 0 3004.009 6.2013 1914040720 0
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43 2049 11331143 0 2532.875 6.6272 1451202358 0
44 2050 5258337 0 2239.736 6.9733 656016389.9 0
45 2051 5608672 0 2464.433 7.2536 733813509.5 0
46 2052 7296956 0 2646.439 7.4085 940459852.2 0
47 2053 9531362 0 2651.853 7.5661 1107776722 0
48 2054 8407913 0 2468.131 7.7312 886283263.9 0
49 2055 6414162 0 2416.97 7.8984 663577188.5 0
50 2056 6360866 0 2542.669 8.0612 663322370.9 0
51 2057 7698797 0 2660.145 8.1781 775200245.8 0
52 2058 8308358 0 2638.856 8.2881 776876769.4 0
53 2059 7747772 745882.6 2562.461 8.3943 677589856.9 218141.8581
54 2060 7398407 0 2542.692 8.3686 616511639.4 0
55 2061 7592225 0 2554.127 8.4182 602438760.9 0
56 2062 7897013 0 2546.498 8.4775 590158644.2 0
57 2063 7865089 0 2513.974 8.6288 552440560.7 0
58 2064 7528558 915993.5 2489.98 8.7588 502744299.3 752033.1845
59 2065 7372310 1216911 2498.879 8.7943 472594288.5 1018287.025
60 2066 7506378 789240.2 2520.052 8.7945 460859965.2 629129.8853
61 2067 7635065 484278.8 2525.872 8.8288 446019183.6 390976.2155
62 2068 7652660 545428.6 2518.541 8.8876 424182219.7 462224.2699
63 2069 7607306 875241.7 2509.888 8.9423 400533648.4 767314.8374
64 2070 7592596 1115952 2505.988 8.9686 380204565.6 967201.8581
65 2071 7603830 1160118 2503.642 8.9728 362140083.9 963322.3692
66 2072 7598712 1109395 2500.314 8.9741 344193297.2 878869.0632
67 2073 7574689 1047248 2497.597 8.9821 326573566 798925.9315
68 2074 7559905 1025378 2497.187 8.9975 310472839.6 760657.164
69 2075 7566592 1051923 2498.044 9.0163 296002346.9 762016.1167
70 2076 7580947 1112696 2498.094 9.0324 282333296.1 783796.3888
71 2077 7587446 1206967 2496.713 9.0445 268902650.2 822370.5212
72 2078 7582569 1269364 2494.761 9.0491 255741277.8 828425.5741
73 2079 7573645 1284024 2493.338 9.0485 243179430.5 797482.5692
74 2080 7568547 1255949 2492.79 9.0455 231419110.2 740141.2576
75 2081 7568597 1228040 2492.731 9.0451 220395075.8 688849.8092
76 2082 7570847 1223808 2492.69 9.0487 209945340.3 656785.1602
77 2083 7572541 1237146 2492.471 9.0541 199962300.2 636594.3138
78 2084 7572687 1251898 2492.113 9.058 190410681 616515.5154
79 2085 7571850 1259251 2491.739 9.0596 181295742.1 591793.2073
80 2086 7570758 1259475 2491.431 9.0599 172618521.2 563910.0584
81 2087 7569805 1258104 2491.219 9.0603 164366923.3 536750.2769
82 2088 7569099 1258976 2491.106 9.0615 156520942.7 512297.28
83 2089 7568622 1262119 2491.076 9.0631 149058314.5 490109.8388
84 2090 7568375 1265892 2491.099 9.0646 141957896.1 469037.3907
85 2091 7568385 1268696 2491.138 9.0657 135200064.1 448251.1737
86 2092 7568621 1269761 2491.157 9.0661 128765788.6 427510.4357
87 2093 7568970 1269282 2491.131 9.0663 122636930.9 407075.5753
88 2094 7569286 1267862 2491.06 9.0664 116797225.4 387303.4864
89 2095 7569443 1266539 2490.961 9.0667 111232479.5 368612.0493
90 2096 7569372 1265924 2490.861 9.0672 105930210.2 351133.6224
91 2097 7569085 1266103 2490.782 9.068 100879335.4 334767.6062
92 2098 7568692 1266687 2490.741 9.0687 96069763.72 319264.3683
93 2099 7568356 1267283 2490.739 9.0693 91491591.04 304428.021
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94 2100 7568201 1267778 2490.762 9.0698 87134283.79 290198.8491
95 2101 7568250 1268300 2490.792 9.0701 82986507.8 276605.9945
96 2102 7568427 1269028 2490.808 9.0704 79036791.58 263678.3536
97 2103 7568622 1270069 2490.801 9.0706 75274456.96 251405.7671
98 2104 7568749 1271432 2490.775 9.0708 71690062.34 239744.2265
99 2105 7568776 1273088 2490.738 9.0709 68275332.41 228643.3002
100 2106 7568722 1275014 2490.703 9.0708 65022717.16 218064.1629
101 2107 7568624 1277208 2490.677 9.0706 61925017.31 207979.6697
102 2108 7568524 1279671 2490.662 9.0702 58975175.95 198367.2583
103 2109 7568448 1282406 2490.657 9.0697 56166251.38 189205.5283
104 2110 7568411 1285400 2490.658 9.069 53491475.57 180469.9439
105 2111 7568409 1288623 2490.661 9.0682 50944309.36 172134.4593
106 2112 7568430 1292022 2490.662 9.0672 48518512.15 164171.4447
107 2113 7568451 1295536 2490.66 9.0661 46208166.1 156555.9252
108 2114 7568450 1299103 2490.656 9.0647 44007695.8 149266.5921
109 2115 7568409 1302657 2490.654 9.0632 41911867.95 142285.1654
110 2116 7568325 1306131 2490.657 9.0616 39915772.65 135595.818
111 2117 7568217 1309453 2490.669 9.0598 38014801.95 129184.1285
112 2118 7568127 1312554 2490.692 9.058 36204598.25 123037.17
113 2119 7568110 1315368 2490.722 9.056 34480980.8 117143.6753
114 2120 7568217 1317811 2490.752 9.054 32839865.59 111491.7004
115 2121 7568463 1319782 2490.775 9.0519 31277204.26 106069.5301
116 2122 7568798 1321149 2490.78 9.0499 29788966.41 100864.9931
117 2123 7569098 1321758 2490.766 9.0479 28371202.04 95866.22945
118 2124 7569180 1321446 2490.741 9.046 27020165.01 91062.82878
119 2125 7568857 1320565 2490.728 9.0443 25732490.24 86480.18351
120 2126 7568037 1319094 2490.758 9.0428 24505351.56 82110.42952
121 2127 7566817 1317053 2490.863 9.0414 23336512.51 77948.11758
122 2128 7565559 1314050 2491.058 9.0403 22224213.44 73964.04648
123 2129 7564878 1310064 2491.325 9.0395 21166889.31 70155.86027
124 2130 7565495 1305058 2491.598 9.039 20162694.63 66519.59981
125 2131 7567936 1298790 2491.766 9.039 19208972.35 63040.72922
126 2132 7572121 1291210 2491.701 9.0393 18301880.36 59716.15252
127 2133 7577001 1282269 2491.315 9.0402 17436446.02 56542.15105
128 2134 7580499 1272034 2490.626 9.0417 16607302.53 53519.14275
129 2135 7580004 1260608 2489.824 9.0438 15810117.19 50646.89641
130 2136 7573231 1247608 2489.269 9.0465 15042823.44 47904.66905
131 2137 7559986 1232678 2489.424 9.05 14307378.42 45276.7412
132 2138 7543235 1215276 2490.656 9.0544 13609178.63 42743.65899
133 2139 7529453 1195022 2492.995 9.0597 12955343.94 40295.16244
134 2140 7528092 1171940 2495.922 9.0661 12352401.9 37935.34584
135 2141 7549249 1287360 2498.249 9.0738 11802698.82 40062.57965
136 2142 7594009 1275685 2498.231 9.0711 11293995.42 37682.40404
137 2143 7655775 1266306 2494.447 9.0696 10808311.88 35558.97884
138 2144 7721263 1260516 2486.411 9.0693 10327553.65 33697.38876
139 2145 7763066 1258467 2474.938 9.0697 9828524.245 32060.05933
140 2146 7738992 1260747 2462.931 9.0706 9287913.164 30620.73968
141 2147 7609130 1268460 2455.948 9.0714 8699771.079 29368.36701
142 2148 7362930 1276601 2461.344 9.0714 8088566.69 28148.94373
143 2149 7059566 1280341 2485.738 9.0707 7525285.871 26864.58301
144 2150 6880608 1323241 2529.969 9.0698 7153886.085 26415.33296
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145 2151 7025630 1377140 2579.93 9.0656 7079161.944 26047.54522
146 2152 7773277 1442931 2606.284 9.0575 7397303.2 25732.97806
147 2153 9290600 1412701 2561.935 9.0449 7946627.873 23617.29636
148 2154 11811684 1345955 2406.173 9.0363 8415032.086 21196.93299
149 2155 15542827 1247151 2123.501 9.0344 8315781.542 18660.46461
150 2156 20468681 1164704 1748.96 9.0409 7273003.142 16735.30844
 
sum(YDV) 197,610,596,226.35 183,616,374.88
Net Present Value 197,794,212,601.23 
 
 
 
Case (4): age-specific price of cod, same cost parameters for cod and herring, interest rate = 0.05 
 
Table 9: optimal harvesting effort of cod and herring, spawning stock biomass of cod (in thousand tons) 
 and herring (in million tons), yearly discounted value (YDV) of cod and herring over the time horizon 
 
number year 
Effort of 
cod 
Effort of 
herring 
SSB of 
cod 
SSB of 
herring 
Yearly Discounted 
Value (YDV) of cod 
Yearly Discounted 
Value (YDV) of 
herring 
0 2006 0 0 1279.901 2.2226 0 0
1 2007 0 0 2211.92 2.7719 0 0
2 2008 0 0 3391.726 3.1798 0 0
3 2009 0 0 4687.502 3.5089 0 0
4 2010 0 0 6039.71 3.9201 0 0
5 2011 42668435 0 7397.876 4.1307 80685663514 0
6 2012 0 0 2336.862 4.3099 0 0
7 2013 0 0 3085.819 4.5424 0 0
8 2014 42002095 0 3902.561 4.7927 34718745301 0
9 2015 0 0 1522.195 5.0295 0 0
10 2016 0 0 2212.621 5.2101 0 0
11 2017 0 0 3067.067 5.3431 0 0
12 2018 0 0 4029.547 5.5106 0 0
13 2019 35931094 0 5032.826 5.6909 34440895083 0
14 2020 0 0 2015.468 5.8877 0 0
15 2021 0 0 2728.975 5.9406 0 0
16 2022 38579197 0 3538.874 6.1697 20683097611 0
17 2023 0 0 1541.619 6.3821 0 0
18 2024 0 0 2217.387 6.5674 0 0
19 2025 0 0 3029.926 6.7375 0 0
20 2026 0 0 3932.945 6.8982 0 0
21 2027 44145389 0 4867.421 7.0455 23725051799 0
22 2028 0 0 1671.476 7.1913 0 0
23 2029 0 0 2342.726 7.3354 0 0
24 2030 0 0 3127.364 7.4753 0 0
25 2031 32014828 480003.3 3979.251 7.6097 14326080671 3302996.148
26 2032 0 835574.4 1868.813 7.7052 0 6093126.614
27 2033 0 1114357 2557.029 7.7743 0 8306538.721
28 2034 25710938 1345933 3354.371 7.8258 9423910419 10041194.47
29 2035 0 1533968 1932.583 7.8635 0 11286351.8
30 2036 0 1686158 2622.567 7.8914 0 12114311.35
31 2037 31941624 1805988 3410.634 7.9118 9032676377 12580729.91
32 2038 0 1921457 1698.292 7.9297 0 12945922.06
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33 2039 0 2006086 2372.951 7.9404 0 12990576.34
34 2040 0 2068169 3158.068 7.9467 0 12823132.52
35 2041 37126088 2114277 4008.3 7.9509 9291587200 12528830.13
36 2042 0 2148405 1684.542 7.9542 0 12158736.55
37 2043 0 2174405 2346.957 7.9571 0 11748439.41
38 2044 0 2194200 3124.057 7.9599 0 11317456.99
39 2045 38007772 2205283 3965.047 7.9625 7599566219 10856788.63
40 2046 0 2205145 1641.446 7.9647 0 10358010.19
41 2047 0 2194556 2300.634 7.9668 0 9834307.469
42 2048 0 2174891 3079.479 7.9692 0 9300550.915
43 2049 31679927 2146074 3926.125 7.9729 5841355809 8766837.692
44 2050 0 2108530 1854.543 7.9784 0 8240986.124
45 2051 0 2062860 2527.232 7.9863 0 7728299.251
46 2052 18613602 2009428 3304.314 7.9968 3258689266 7231217.087
47 2053 19866380 1945667 2274.383 8.0102 2133754183 6740638.038
48 2054 0 1866429 1647.347 8.0269 0 6240574.757
49 2055 0 1767564 2300.091 8.0476 0 5721000.021
50 2056 3541527 1647047 3072.205 8.0736 676191244.4 5179639.715
51 2057 13959904 1505697 3457.936 8.1059 2231338702 4620824.699
52 2058 12889808 1817514 2675.448 8.1456 1528420895 5469008.663
53 2059 12680241 2507083 2225.787 8.1579 1179642062 7248453.153
54 2060 10125586 2488278 1947.447 8.1169 826477191.2 6650479.011
55 2061 2019987 2215610 1906.289 8.0826 189480014.9 5496742.785
56 2062 2706932 2054492 2424.403 8.0745 307295970.5 4824480.886
57 2063 6159287 2092790 2908.852 8.0814 739146162.4 4705260.978
58 2064 9672955 2193118 3008.508 8.086 1049804951 4712317.329
59 2065 10715019 2273186 2733.127 8.0824 974074457.2 4638943.426
60 2066 10971835 2417630 2427.112 8.0719 830740496.9 4661372.602
61 2067 9672588 2512513 2184.522 8.0512 642989254.4 4540947.122
62 2068 7473605 2521585 2097.7 8.0264 479172599 4256568.362
63 2069 5719421 2425501 2188.099 8.0047 382651242.1 3832634.942
64 2070 5633446 2336091 2408.102 7.9935 398633268.4 3483702.641
65 2071 6873036 2312243 2617.574 7.9901 490326639.5 3275037.76
66 2072 8295934 2335507 2685.992 7.9886 558743005.8 3146440.108
67 2073 9149157 2354255 2605.415 7.9844 555948269.1 3010306.381
68 2074 9235918 2348538 2460.933 7.9774 501669608 2843649.135
69 2075 8763140 2325912 2339.263 7.97 434502073 2665899.416
70 2076 8082973 2305835 2283.146 7.9647 378469006.6 2506017.7
71 2077 7499730 2297944 2295.712 7.9622 341575624.8 2373612.524
72 2078 7200741 2297982 2356.817 7.961 323756107.3 2258267.054
73 2079 7279575 2298179 2435.203 7.9595 322123423.5 2148192.204
74 2080 7623341 2294315 2494.218 7.9573 326651463.6 2038787.277
75 2081 8015927 2286397 2510.897 7.9549 326132068.1 1931138.016
76 2082 8275121 2276391 2486.992 7.9529 315284873.2 1827967.511
77 2083 8336438 2265803 2442.981 7.9515 296324101 1730819.239
78 2084 8231933 2256677 2401.924 7.9511 274422563.4 1641155.482
79 2085 8044233 2249942 2378.732 7.9515 253998406.6 1558880.525
80 2086 7863508 2245452 2377.452 7.9524 237444484.2 1482835.294
81 2087 7755446 2241932 2393.291 7.9534 225244015.4 1411220.064
82 2088 7742484 2238340 2416.437 7.9544 216436453.9 1342917.51
83 2089 7804707 2234490 2436.59 7.9553 209291168.3 1277730.062
78
  
84 2090 7898993 2230841 2446.958 7.9563 202151063 1215921.174
85 2091 7982290 2227839 2446.118 7.9574 194065630.4 1157609.507
86 2092 8028049 2225639 2437.245 7.9588 184948917.3 1102618.002
87 2093 8031094 2224136 2425.626 7.9601 175302883.2 1050597.27
88 2094 8002823 2223185 2416.052 7.9614 165791725.8 1001228.954
89 2095 7961982 2222751 2411.23 7.9626 156924349.8 954326.1779
90 2096 7925953 2222894 2411.465 7.9638 148929919.3 909786.2016
91 2097 7905182 2223687 2415.272 7.9648 141779473.1 867513.4413
92 2098 7901771 2225163 2420.4 7.9657 135285364.7 827385.9086
93 2099 7911421 2227302 2424.806 7.9665 129216825.9 789258.6197
94 2100 7926966 2230052 2427.276 7.9671 123388615.6 752983.5823
95 2101 7941684 2233337 2427.584 7.9675 117701959.7 718419.7459
96 2102 7951334 2237073 2426.262 7.9677 112140581.2 685444.0781
97 2103 7954678 2241184 2424.195 7.9676 106739964.1 653954.1428
98 2104 7952849 2245594 2422.223 7.9672 101551134.1 623864.3617
99 2105 7948164 2250230 2420.891 7.9667 96613889.03 595097.9513
100 2106 7942994 2255005 2420.372 7.9658 91944822.83 567581.3114
101 2107 7939006 2259820 2420.543 7.9648 87538024.53 541243.5273
102 2108 7936916 2264567 2421.117 7.9636 83372924.05 516018.9351
103 2109 7936626 2269133 2421.79 7.9621 79423680.75 491849.1327
104 2110 7937555 2273408 2422.332 7.9605 75666454.81 468683.1717
105 2111 7938992 2277280 2422.634 7.9588 72083112.67 446476.2362
106 2112 7940354 2280639 2422.694 7.957 68661744.24 425188.1531
107 2113 7941298 2283378 2422.581 7.9551 65395131.57 404782.4087
108 2114 7941724 2285391 2422.39 7.9531 62278588.19 385225.7801
109 2115 7941707 2286579 2422.205 7.9512 59308089.85 366488.214
110 2116 7941408 2286846 2422.08 7.9494 56479159.86 348542.4712
111 2117 7941008 2286107 2422.035 7.9477 53786508.29 331363.6105
112 2118 7940664 2284284 2422.064 7.9462 51224154.11 314928.3051
113 2119 7940491 2281306 2422.142 7.9449 48785751.87 299214.2413
114 2120 7940552 2277108 2422.238 7.9439 46464890.05 284199.8654
115 2121 7940848 2271638 2422.323 7.9432 44255283.77 269864.1838
116 2122 7941306 2264853 2422.378 7.943 42150867.63 256186.7073
117 2123 7941772 2256734 2422.394 7.9431 40145881.46 243148.217
118 2124 7942037 2247275 2422.38 7.9438 38234982.91 230729.8118
119 2125 7941888 2236465 2422.359 7.945 36413418.58 218910.1398
120 2126 7941210 2224292 2422.367 7.9468 34677219.22 207667.0014
121 2127 7940064 2210747 2422.438 7.9493 33023166.99 196977.8746
122 2128 7938799 2195849 2422.593 7.9524 31448786.56 186821.9365
123 2129 7938056 2179618 2422.818 7.9562 29951960.55 177177.9399
124 2130 7938633 2162085 2423.051 7.9608 28530272.76 168024.6287
125 2131 7941166 2143298 2423.18 7.9661 27180181.08 159341.6131
126 2132 7945677 2123315 2423.071 7.9723 25896420.72 151108.5516
127 2133 7951184 2102196 2422.62 7.9793 24672047.08 143304.9175
128 2134 7955603 2079979 2421.829 7.9871 23499461.33 135908.5601
129 2135 7956135 2056685 2420.867 7.9958 22372149.7 128896.9811
130 2136 7950141 2032391 2420.083 8.0054 21286597.26 122251.7613
131 2137 7936858 2007208 2419.95 8.0159 20244621 115956.7201
132 2138 7918866 1981310 2420.882 8.0272 19253454.44 109998.8558
133 2139 7902670 1955256 2422.987 8.0395 18323492.28 104384.8147
134 2140 7898473 1929296 2425.823 8.0526 17465235.89 99099.72095
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135 2141 7917788 1902463 2428.24 8.0665 16683819.81 94068.4387
136 2142 7956644 1874466 2428.451 8.0811 15953192.62 89263.50619
137 2143 8016428 1845256 2425.391 8.0966 15264186.26 84672.4684
138 2144 8086195 1815807 2418.233 8.113 14592157.97 80328.67327
139 2145 8139353 1786032 2407.296 8.1303 13902643.4 76209.97888
140 2146 8130593 1756052 2394.94 8.1483 13156809.42 72305.36827
141 2147 8011987 1726490 2386.404 8.1672 12337161.06 68624.40219
142 2148 7765986 1697460 2389.236 8.1868 11473961.41 65153.23398
143 2149 7451961 1669017 2410.632 8.207 10669676.18 61877.15734
144 2150 7231304 1640733 2452.03 8.2278 10096824.91 58766.03909
145 2151 7346861 1612546 2502.118 8.2492 9952975.925 55807.45672
146 2152 8055777 1586021 2531.329 8.271 10337962.96 53044.77669
147 2153 9626711 1562091 2494.764 8.2933 11141858.62 50490.73081
148 2154 12302987 1542036 2345.512 8.3157 11882079.24 48164.94026
149 2155 16361977 1899132 2064.928 8.3381 11850863.1 57306.71445
150 2156 21738782 1839418 1687.957 8.3313 10441040.61 52635.96767
 
sum(YDV)
278,259,183,366.1
3 380,642,078.05
Net Present Value 278,639,825,444.18 
 
 
 
Case (5): a 10% increase in capelin’s biomass while other assumptions do not change in the bioeconomic model 
 
Table 10: optimal harvesting effort of cod and herring, spawning stock biomass of cod (in thousand tons)  
and herring (in million tons), yearly discounted value (YDV) of cod and herring over the time horizon 
 
number year 
Effort of 
cod 
Effort of 
herring 
SSB of 
cod 
SSB of 
herring 
Yearly Discounted 
Value (YDV) of cod 
Yearly Discounted 
Value (YDV) of 
herring 
0 2006 0 0 1335.938 2.2226 0 0
1 2007 0 0 2294.126 2.7719 0 0
2 2008 0 0 3498.178 3.1798 0 0
3 2009 0 0 4815.903 3.5089 0 0
4 2010 0 0 6193.61 3.9201 0 0
5 2011 32631535 0 7580.907 4.1307 54634902725 0
6 2012 0 0 2981.579 4.3099 0 0
7 2013 14847471 0 3764.789 4.5424 15584452688 0
8 2014 28244738 0 2745.868 4.7927 14585462958 0
9 2015 0 0 1533.674 5.0295 0 0
10 2016 0 0 2199.803 5.2101 0 0
11 2017 0 0 3039.398 5.3431 0 0
12 2018 0 0 3998.512 5.5106 0 0
13 2019 32571483 0 5010.716 5.6909 23660347946 0
14 2020 0 0 2179.449 5.8877 0 0
15 2021 0 0 2914.175 5.9406 0 0
16 2022 17069854 0 3737.014 6.1697 10909121407 0
17 2023 21679403 0 2606.422 6.3821 7917207785 0
18 2024 0 0 1742.7 6.5674 0 0
19 2025 0 0 2424.094 6.7375 0 0
20 2026 0 0 3235.322 6.8982 0 0
21 2027 22108530 0 4124.237 7.0455 10983472318 0
80
  
22 2028 10906744 0 2460.303 7.1913 3817237523 0
23 2029 0 0 2241.121 7.3354 0 0
24 2030 0 0 2964.32 7.4753 0 0
25 2031 20385901 0 3771.571 7.6097 7854354358 0
26 2032 9713511 0 2377.636 7.7389 2776899399 0
27 2033 0 0 2249.095 7.8645 0 0
28 2034 4972852 59105663 2967.577 7.9874 1858735046 507970191.8
29 2035 6333678 0 3177.393 3.7502 2337443015 0
30 2036 17426792 0 3186.563 4.2497 4676987011 0
31 2037 7478404 0 2242.927 4.797 1663682147 0
32 2038 0 0 2290.89 5.2957 0 0
33 2039 7118958 0 3007.991 5.6998 1999061166 0
34 2040 13872515 0 2991.376 6.0291 3112140306 0
35 2041 9285766 0 2394.745 6.21 1743431085 0
36 2042 2662830 0 2303.307 6.3989 544739162.8 0
37 2043 6791854 0 2775.956 6.6002 1455635349 0
38 2044 10168326 0 2842.522 6.8068 1953627351 0
39 2045 9436532 444845.9 2596.538 7.0097 1592804558 451091.4019
40 2046 6956412 0 2465.592 7.1314 1126416848 0
41 2047 5698288 213393.6 2559.112 7.2773 945062309.1 408823.2004
42 2048 7680337 2215219 2748.181 7.4049 1244117765 5043441.125
43 2049 8825103 0 2724.993 7.311 1309250620 0
44 2050 7831996 0 2597.616 7.3953 1077319661 0
45 2051 7400397 0 2574.669 7.4912 971096044.5 0
46 2052 7460871 367378.4 2592.751 7.695 938027303.5 998821.8502
47 2053 7915372 2319198 2602.392 7.8445 940395655.6 6967575.564
48 2054 7830061 2537384 2570.688 7.827 876055661.7 7143024.034
49 2055 7418722 1851731 2551.083 7.7857 792343961.5 4772006.962
50 2056 7291202 1456774 2570.018 7.8008 750113848.3 3628188.567
51 2057 7551499 1569395 2597.026 7.8488 743270402.2 3894437.543
52 2058 7773155 1942369 2596.199 7.8928 724135731.7 4776567.877
53 2059 7753682 2167916 2574.826 7.9096 682015570.1 5152885.461
54 2060 7659542 2146931 2557.981 7.9063 638583429.8 4845828.61
55 2061 7623667 2017156 2551.899 7.9053 604295234.1 4332479.059
56 2062 7627990 1925621 2549.917 7.9166 575292762 3977586.705
57 2063 7611290 1930539 2547.928 7.9357 546485664.2 3860737.218
58 2064 7568704 1982147 2547.877 7.9557 518123013 3839493.088
59 2065 7555124 2051111 2551.789 7.9707 493557554 3831533.008
60 2066 7585995 2148200 2556.307 7.983 472487592.8 3860925.297
61 2067 7618415 2216670 2557.065 7.9877 451656515.3 3808802.157
62 2068 7628456 2235877 2554.364 7.986 430097953.4 3653769.351
63 2069 7620653 2204545 2550.885 7.9807 408673163.3 3416179.054
64 2070 7612292 2172853 2548.602 7.9778 388493630.5 3198957.717
65 2071 7607646 2165602 2547.534 7.9798 369644973.2 3041636.161
66 2072 7602407 2177162 2547.149 7.9843 351788553.8 2923024.916
67 2073 7596394 2189777 2547.32 7.9878 334844752.2 2807820.409
68 2074 7594457 2194691 2547.975 7.9892 318920028.9 2683290.776
69 2075 7598449 2193104 2548.646 7.9896 303946146.4 2554525.846
70 2076 7604912 2191093 2548.789 7.9903 289686795.3 2432059.223
71 2077 7609211 2192278 2548.277 7.9919 275957281.4 2320341.807
72 2078 7609337 2196047 2547.445 7.9937 262727319.4 2216936.701
81
  
73 2079 7606295 2199993 2546.754 7.9952 250062967.4 2117750.448
74 2080 7602357 2202287 2546.479 7.9961 238028501.2 2020521.957
75 2081 7599403 2202586 2546.624 7.9965 226636936.8 1925238.385
76 2082 7598358 2201392 2547.011 7.9967 215856215.2 1832878.986
77 2083 7599248 2199326 2547.413 7.9969 205631600 1744231.235
78 2084 7601361 2197345 2547.647 7.9973 195902364.9 1660209.936
79 2085 7603613 2196095 2547.627 7.998 186616001.4 1581116.492
80 2086 7605048 2195787 2547.386 7.9989 177737813.5 1506695.971
81 2087 7605255 2196100 2547.042 7.9998 169252827.3 1436223.715
82 2088 7604442 2196685 2546.736 8.0006 161158281.3 1369080.991
83 2089 7603176 2197448 2546.562 8.0013 153452350.1 1305002.927
84 2090 7602024 2198520 2546.545 8.0017 146126403.7 1243966.537
85 2091 7601337 2200072 2546.646 8.0022 139163911.3 1185951.034
86 2092 7601201 2202195 2546.794 8.0024 132543457.6 1130839.357
87 2093 7601501 2204886 2546.922 8.0026 126242658.4 1078437.198
88 2094 7602026 2208101 2546.989 8.0026 120241003.9 1028544.993
89 2095 7602554 2211814 2546.981 8.0023 114521103 981003.1427
90 2096 7602925 2216012 2546.913 8.0018 109068742.5 935687.8802
91 2097 7603068 2220688 2546.815 8.0011 103872162.4 892487.9772
92 2098 7602997 2225813 2546.718 8.0001 98921022.19 851289.4076
93 2099 7602782 2231332 2546.646 7.9989 94205492.44 811972.8786
94 2100 7602516 2237170 2546.611 7.9975 89715659.99 774420.4141
95 2101 7602276 2243231 2546.612 7.9957 85441321.56 738518.8546
96 2102 7602108 2249410 2546.637 7.9938 81372125.1 704165.3984
97 2103 7602023 2255596 2546.676 7.9916 77497848.77 671269.9947
98 2104 7602008 2261680 2546.717 7.9891 73808652.06 639755.4649
99 2105 7602036 2267549 2546.753 7.9865 70295275.36 609554.4667
100 2106 7602080 2273091 2546.783 7.9837 66949092.84 580606.2683
101 2107 7602120 2278187 2546.81 7.9807 63762078.31 552855.2334
102 2108 7602150 2282721 2546.836 7.9776 60726712.69 526250.7604
103 2109 7602169 2286577 2546.865 7.9745 57835885.14 500747.5785
104 2110 7602181 2289643 2546.902 7.9714 55082803.41 476305.4618
105 2111 7602189 2291814 2546.947 7.9683 52460946.57 452888.4118
106 2112 7602189 2292990 2547.001 7.9653 49964054.31 430463.69
107 2113 7602177 2293078 2547.065 7.9624 47586136.47 409000.9296
108 2114 7602147 2291993 2547.138 7.9597 45321488.16 388471.5908
109 2115 7602093 2289661 2547.221 7.9573 43164696.54 368848.5274
110 2116 7602020 2286016 2547.314 7.9552 41110641.66 350105.6041
111 2117 7601941 2281001 2547.417 7.9534 39154473.13 332217.307
112 2118 7601882 2274573 2547.527 7.9521 37291582.13 315158.3743
113 2119 7601869 2266694 2547.642 7.9513 35517559.5 298903.4488
114 2120 7601929 2257341 2547.754 7.951 33828160.15 283427.0151
115 2121 7602072 2246500 2547.858 7.9513 32219279.18 268703.3458
116 2122 7602289 2234167 2547.947 7.9523 30686951.57 254706.5488
117 2123 7602551 2220354 2548.016 7.9539 29227384.44 241410.6563
118 2124 7602817 2205088 2548.063 7.9563 27836998.91 228789.7619
119 2125 7603069 2188389 2548.092 7.9594 26512492.55 216816.2724
120 2126 7603339 2170288 2548.104 7.9634 25250877.98 205462.4092
121 2127 7603730 2150816 2548.1 7.9682 24049426.79 194700.1435
122 2128 7604433 2130022 2548.07 7.9739 22905633.59 184502.719
123 2129 7605702 2107960 2547.99 7.9805 21817069.69 174843.5155
82
  
124 2130 7607766 2084690 2547.821 7.988 20781176.62 165696.1239
125 2131 7610675 2060280 2547.513 7.9965 19795050.26 157035.0177
126 2132 7614132 2034800 2547.024 8.0059 18855340.71 148835.1004
127 2133 7617375 2008320 2546.348 8.0163 17958391.14 141071.7275
128 2134 7619248 1980909 2545.545 8.0277 17100701.34 133720.7287
129 2135 7618484 1952629 2544.758 8.04 16279554.07 126758.5417
130 2136 7614172 1923585 2544.2 8.0533 15493558.6 120165.379
131 2137 7606640 1893912 2544.111 8.0676 14743434.78 113923.7031
132 2138 7598036 1863789 2544.64 8.0828 14031720.29 108018.6399
133 2139 7592328 1833417 2545.717 8.0989 13361545.55 102436.6154
134 2140 7594885 1803057 2546.95 8.116 12735328.74 97166.90325
135 2141 7611051 1772100 2547.585 8.1339 12152788.69 92153.18066
136 2142 7634887 1740540 2546.601 8.1526 11598154.7 87379.45116
137 2143 7663829 1708262 2543.703 8.1722 11065588.56 82825.8496
138 2144 7688495 1675848 2538.933 8.1926 10544176.22 78507.26697
139 2145 7692415 1643286 2533.141 8.2139 10021172.41 74406.53316
140 2146 7651639 1610600 2528.344 8.236 9483811.122 70509.86588
141 2147 7546508 1578248 2528.033 8.2588 8931224.192 66823.19593
142 2148 7382719 1546488 2536.487 8.2824 8387145.845 63341.68871
143 2149 7216223 1515673 2556.613 8.3065 7908991.263 60063.92357
144 2150 7159260 1486198 2586.153 8.3313 7577674.155 56989.32104
145 2151 7358392 1458467 2613.726 8.3564 7464473.793 54116.65841
146 2152 7972612 1433955 2617.358 8.3819 7592280.222 51482.30956
147 2153 9163944 1413525 2567.129 8.4074 7891460.424 49093.2839
148 2154 11081703 1419457 2433.653 8.4326 8157851.87 47673.12854
149 2155 13899081 1489692 2203.482 8.4557 8107669.279 48307.43127
150 2156 17534533 1532434 1891.587 8.4718 7421936.518 47776.56434
 
 sum(YDV)
201,955,706,377.8
2 
658,272,262.2
8 
Net Present Value 202,613,978,640.10 
 
